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nPE^MCJJOBME 

CSopHiiK  BRjironaeT  b  ce6H  Te3iiCBi  ^OKjia^OB,  npe^CTaBjieHHBix  Ha  Mex^yHapo^HOM  KOHrpecce  "HejniHeii- 
HBiii  /(HHaMH'iecKHH  aHajiii3- 2007" ,  hocbhiuchhom  150-jieTino  co  ,h,hh  po>K,a,eHiiH  axa^eMiiKa  A.M.  RnnyHOBa 
(1857- 1918).  KoHrpecc  npoBO^HTCH  4-8  iiiohh  2007  ro^a  b  CaHKT-IIeTep6ypre  Ha  6a3e  CaHKT-IIeTep6yprcKoro 
rocy^apcTBeHHoro  ymiBepciiTeTa. 

B  nporpaMMy  KOHrpecca  BKjnoueHBi  njieHapHBie  h  ceKipiOHHBie  ,a,OKjia^i,Bi  no  cjie^yiomHM  HanpaBjieHHHM: 

1.  TeOpiIH  yCTOHHIIBOCTH  H  HejIHHeilHBie  KOJie6aHIIH 

2.  HejiHHeHHaa  TeopiiH  ynpaBjieHHH 

3.  KjiaccHHecKaa  MexamiKa 

4.  He6ecHaH  MexamiKa 

5.  HejiHHeiiHBie  flHcjacjaepeHpHajiBHBie  ypaBHemin  h  iix  iiphjio>k6hhh 

6.  MaTeMaTi-inecKoe  MO^ejiiipoBamie  b  ecTecTBeHHBix,  Texm-mecKi-ix  h  ryMamiTapHBix  Haynax 

7.  Teopun  iirp  h  ee  npiijio>KeHHH  b  MeH6,ipKM6HTe 

8.  MeTO^Bi  A.M.  .JlanyHOBa  b  xaoTHuecKOH  flHHaMHKe 

OPrAHn3ATOPbI  KOHrPECCA 

•  Ml-IHI-ICTepCTBO  o6pa30BaHIIH  H  HayKII  P® 
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•  HI4I4  MaTeMaTHKH  h  MexaHHKH  iim.  an.  B.I4.  CMiipHOBa  CII6ry 

•  ®pyn  PHH,  P®  H,HHH  "9jieKTponPH6op" 
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•  European  Office  of  Aerospace  Research  &  Development  (EOARD) 
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^epjKKe: 

•  PocciiiicKoii  aKa^eMim  HayK 
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OCHOBHblE  AATbl  >KH3HH  H  TBOPHECTBA 
AJIEKCAHAPA  MHXAHJIOBHHA  JlfflYHOBA 

185 7,  25  Masi  no  CTapoMy  cthjiio  —  B  ropo,n,e  5IpocjiaBjie  po,n,HjiCH  AjieKcaH,n,p  .HanyHOB. 

1 864  —  CeMBH  .HanyHOBBix  nocejnuiacB  b  CBoeM  hmohhh  —  cejie  Bojio6oHOBe  KypMBimcKoro  ye3,n,a  Chm6hpckoh 
ry6epHini. 

1868  —  YMep  MnxaHji  BaciuiBeBiin  —  OTen,  AjieKcaH,n,pa  JlHnyHOBa. 

1870  —  CeMBH  JlnnyHOBBix  nepecejnuiacB  b  Hhjkhhh  HoBropo,n,.  AneKcaH/ip  nocTynaeT  b  rrperniH  Kjiacc  riiMHa- 
3IIH,  KOTopyro  OKaHm-iBaeT  b  1876  r. 

1 876,  aeeycm  —  AjieKcaH,np  nocTynaeT  b  neTep6yprcKin“i  ymiBepciiTeT  Ha  <J)H3HKO-MaTeMaTHHecKHft  cjiaKyjiBTeT. 
1880  —  IIpHcyac^eHHe  JlHnyHOBy  30jiotoi“i  Me,n,a.JiH  3a  CTy^eHnecKyro  pa6oTy  no  rimpocTaTiiKe  (<fieepa.tib) . 

B  Mae  JlnnyHOB  okohhhji  neTep6yprcKin“i  ymiBepciiTeT  n  6biji  ocTaBjieH  npn  Kacjje^pe  MexaHHKH.  IlepBBie  Ha- 
ynHBie  pa6oTBi  nofl  pyKOBO^CTBOM  A-  K.  Bo6BuieBa. 

1882  —  BcTpenn  b  axa^eMiiKOM  IT.  JI.  He6BimeBBiM  n  nojiynemie  ot  Hero  TeMBi  ^nccepTapnoniiOH  pa6oTBi. 

1885,  27  HHeap.H  —  3am,HTa  ^nccepTapnn  "06  ycTOiraiiBOCTii  ajuiimcoimajiBHBix  cjiopM  paBHOBeciiH  Bpam,aio- 
rpeiicH  jKHflKOCTHMHa  CTeneHB  MarncTpa  npHKjiaflHoft  MaTeMaTHKn. 

1885  —  yTBepjK^enne  b  3BaHnn  npiiBaT-^opeHTa  n  nepee3,zi,  b  XapBKOB.  Hanaji  npeno,n,aBaTejiBCKyio  ^eHTejiB- 
hoctb  b  XapBKOBCKOM  yHHBepciiTeTe  Ha  Ka<J>e,iipe  MexaHHKH. 

1 886,  1 7  smeapsi  —  AneKcaH/ip  JlnnyHOB  o6BeHnancH  b  IIeTep6ypre  c  HaTajiBeii  PacjiaiuiOBHOii  CeneHOBoii 

1 888  —  IIy6jiHKaH,HH  CTaTBH  "  O  hoctohhhbix  biihtobbix  ^BHHceHHHx  TBep^oro  Tejia  b  hch^kocth  b  KOTopoii 
BnepBBie  H3Jio»ceHBi  ocHOBHBie  H^en  nepBoro  MeTO^a  JlHnyHOBa  b  Teopini  ycTOiraiiBOCTii. 

1889  —  IIy6jiHKaH,HH  pa6oTBi  "06  ycTOiraiiBOCTii  ^bm>k6hhh  b  o^hom  nacTHOM  cjiynae  salami  o  Tpex  Tejiax". 
1892,  30  ceHmsi6psi  —  3am,HTa  b  Mockobckom  ym-iBepciiTeTe  flHCcepTan,HH  "06m,aH  3a^,ana  ycTOiraiiBOCTii  ^bh- 

>K6HHH  "  . 

1893  —  YTBepHyneHiie  JlHnyHOBa  b  3BaHHH  op/p-mapHoro  npocjieccopa. 

1894  —  IIy6jiHKaH,HH  pa6oTBi  "06  o^hom  CBOiiCTBe  ^HcjDcjDepeHpHajiBHBix  ypaBHem-iH  salami  o  ^bhikchhh  TH*e- 
jioro  TBep^oro  Tejia,  iiMeiomero  Heno^BH>KHyK)  TOHKy". 

1896 —  IIy6jiHKaH,HH  CTaTBH  "O  pH^ax,  npe,ii,jio>KeHHBix  Xhjijiom  ,h,jih  npeflCTaBjieHHH  ^bhikchhh  JlyHBi". 

1898  —  ny6jiHKan,HH  pa6oTBi  "O  HeKOTopBix  Bonpocax,  othochih,hxch  k  npo6jieMe  AHPHXJie"- 

1899,  oKmsiOpb  —  H36pam-ie  A.M.JlHnyHOBa  npe^ce^aTejieM  XapBKOBCKoro  MaTeMaTiinecKoro  o6iu,ecTBa. 

1900  —  IlepBaH  ny6jiHKaii,HH,  b  KOTopoii  JlnnyHOB  ,n,aeT  ,n,0Ka3aTejiBCTB0  peHTpajiBHOii  npe,n,ejiBHOH  TeopeMBi. 

B  deKaSpe  A.  M.  JlnnyHOB  H36paH  HjieHOM-KoppecnoH^eHTOM  AKa^eMHH  riayK. 

1901,  6  0Kmsi6psi  —  H36paHiie  A.  M.  JlHnyHOBa  op/yiHapHBiM  aKa^eMHKOM  no  npHKjia^HOH  MaTeMaTiiKe. 

1902,  Mau  —  IIepee3^3,  JlnnyHOBBix  b  IIeTep6ypr  h  nanano  aKa^eMiinecKoro  nepno^a  ero  >kh3hh.  IIy6jiHKaH,HH 
pa6oTBi  "06  ochobhom  npHHH,Hne  Mero^a  HeiiMaHa  b  3a^,ane  AHPHXJie"- 

1903  —  Ily6jiHKan,HH  pa6oTBi  "Ilccjie^OBaHHH  b  Teopini  (fnirypBi  He6ecHBix  TejiB  KOTopoii  JlnnyHOB  o6paTiuiCH 
k  H3yneHino  cjniryp  paBHOBeciiH  Heo^Hopo^Hoii  jkh^kocth. 

1905  —  IIy6jiHKaH,HH  CTaTBH  "06  o,h,hoh  3a^,ane  He6BimeBaB  KOTopoii  JlnnyHOB  npiiBO^HT  CBO^Ky  nojiyneHHBix 
hm  pe3yjiBTaT0B  no  peineHino  stoii  salami. 

1906 —  Bbixo^,  b  CBeT  nepBOii  nacTii  6ojiBmoro  Tpyua  JlHnyHOBa  "O  cjnirypax  paBHOBeciiH,  Majio  OTjHinaiomuxcH 
ot  ajuiimcoi-moB,  Bpam,aioiii,ei1cH  o^Hopo^HOii  Maccni  hcii^kocth  " . 

1907 —  no  HHHH,HaTHBe  A. M. .JlHnyHOBa  npoBe^eHO  npa3,n,HOBaHiie  200-jieTiiH  co  ^hh  ponynpHiin  pyccKoro  ana- 
^.eMiiKa  .JleoHap^a  Oiijiepa  h  H3flaHO  nojiHoe  co6paHiie  ero  co'inHeHHii. 

H36paHiie  .JlHnyHOBa  njieHOM  MaTeMaTiinecKoro  o6ru,ecTBa  najiepMO  (nosiSpb). 

1908  —  ynacTi-ie  .JlHnyHOBa  b  pa6oTe  IV  Menc^yHapo^Horo  MaTeMaTiinecKoro  KOHrpecca  b  PiiMe  ( Mapm ).  H3- 
6paHiie  JlHnyHOBa  njieHOM  AKa^eMHH  HayK  dei  Lincei  (ceumsiSpb) . 

1909  —  Bbixo^i,  b  CBeT  BTopoii  nacTii  6ojiBmoro  Tpy^a  .JlHnyHOBa  o  4»irypax  paBHOBeciiH  o^,Hopo^,Hoii  jkh^kocth. 

1911,  Mail  —  KpaTKi-iii  ot^bix  b  niBefin,apHH. 

1912,  1914  —  Bbixo^i,  b  CBeT  TpeTBeii  h  neTBepToii  nacTeii  Tpyn,a  .JlHnyHOBa  o  (Jinrypax  paBHOBeciiH  o^Hopo^Hoii 

JKHflKOCTH. 

1 91 6,  Mapm  —  H36paHiie  .JlHnyHOBa  njieHOM-KoppecnoH^eHTOM  napiuKCKoii  aKa^eMiin  HayK. 

1 91 7,  30  uwhsi  —  npne3^i,  cynpyroB  .JlnnyHOBBix  b  0^,eccy. 

1918,  cenmsiSpb  —  HTem-ie  .JlnnyHOBBiM  jieKii,iiH  no  Kypcy  "O  (JiopMe  He6ecHBix  Ten"  b  Hobopocchiickom  yHii- 
BepciiTeTe. 

1918,  31  0Kmsi6psi  hoboto  ctiijih  —  YMepjia  nceHa  AnencaH^pa  MiixaiuiOBiina  —  HaTajiBH  PaiJiaiijiOBHa  Cene- 

HOBa. 

1918,  3  nosi6psi  iiOBoro  ctiijih  —  KoHHima  AnencaH^pa  MiixaiuiOBiina  .JlHnyHOBa. 
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PREFACE 

The  book  includes  the  abstracts  of  papers  presented  at  the  International  Congress  "Nonlinear  Dynamical 
Analysis- 2007"  dedicated  to  the  150th  anniversary  of  academician  Alexander  M.  Lyapunov  (1857-1918).  The 
conference  is  held  at  Saint  Petersburg  State  University,  Saint  Petersburg,  June  4-8,  2007. 

Conference  program  includes  plenary  lectures  and  oral  presentations  in  the  following  scientific  areas: 

1.  Stability  theory  and  nonlinear  oscillations 

2.  Nonlinear  control 

3.  Classical  mechanics 

4.  Celestial  mechanics 

5.  Nonlinear  differential  equations  and  their  applications 

6.  Mathematical  modeling  in  natural,  technical  and  humanitarian  sciences 

7.  Games  theory  and  its  applications  in  management 

8.  Chaos  theory 

CONGRESS  ORGANIZERS 

•  Ministry  of  Education  and  Science  of  Russian  Federation 

•  Russian  Academy  of  Science 

•  Russian  Foundation  for  Basic  Research 

•  Saint  Petersburg  State  University 

•  Smirnov  Scientific  Research  Institute  of  Mathematics  and  Mechanics,  Saint  Petersburg  University 

•  FSUE  SRC  RF  CSRI  "Elektropribor" 

•  Academy  of  Nonlinear  Sciences 

•  European  Office  of  Aerospace  Research  &  Development  (EOARD) 

SCIENTIFIC  COMMITTEE  OF  THE  CONGRESS 

•  Chair:  Yu.S.  Osipov  (Moscow) 

•  Vice-chairs:  A. A.  Fursenko  (Moscow),  V.G  Peshekhonov  (St. -Petersburg),  L.A.  Verbitskaya 
(St. -Petersburg) 

•  Committee  members: 

N.A.  Anfimov  (Moscow), V.M.  Matrosov  (Moscow),  P.  Borne  (France), H.  Mijagi  (Japan), V.V.  Kozlov 
(Moscow),  N.F.  Morozov  (St. -Petersburg),  N.N.  Krasovsky  (Yekaterinburg),  V.V.  Rumyantsev 
(Moscow),  V.  Lakshmikantham  (USA),  E.A.  Tropp  (St .-Petersburg),  G.A.  Leonov  (St. -Petersburg), 
V.Ye.  Fortov  (Moscow),  S.N.  Mazurenko  (Moscow),  K.V.  Frolov  (Moscow). 

INTERNATIONAL  PROGRAM  COMMITTEE 

•  Co-chairs:  V.  Lakshmikantham  (USA),  V.M.  Matrosov  (Russia) 

•  Vice-chair:  V.A.  Pliss  (Russia) 

•  Committee  members 

N.V.  Azbelev  (Russia),  A. A.  Ashimov  (Kazakhstan),  V.V.  Beletsky  (Russia),  P.  Borne  (France), 

S. N.  Vassiljev,  V.G.  Veretennikov  (Russia),  V.  Vujicic  (Yugoslavia),  A.V.  Karapetjan,  D.M.  Klimov, 
V.V.  Kozlov,  R.I.  Kozlov,  V.B.  Kolmanovsky  (Russia),  V.I.  Korobov,  V.A.  Kuntsevich  (Ukraine), 
P.S.  Krassilnikov,  V.P.  Legostayev,  G.A.  Leonov  (Russia),  S.  Leela  (USA),  A.M.  Lipanov,  A.M.  Mat- 
veenko,  I.V.  Matrosov  (Russia),  H.  Mijagi  (Japan),  N.F.  Morozov,  Yu.S.  Osipov  (Russia),  M.  Pascal 
(France),  V.V.  Rumyantsev,  I.A.  Ryabinin  (Russia),  A.Ya.  Savchenko  (Ukraine),  N.A.  Sidorov, 

T. K.  Sirazetdinov,  S.P.  Sokolova,  S.Ya.  Stepanov,  A.V.  Timofeev,  A. A.  Tolstonogov,  V.A.  Trenogin 
(Russia),  M.  Farkas  (Hungary),  A.L.  Fradkov,  K.V.  Frolov  (Russia),  X.  Fu  (China),  M.M.  Khapayev, 
M.M.  Khrustalev,  A.G.  Chentsov,  F.L.  Chernousko  (Russia),  D.F.  Chevalier  (France),  D.  Siljak 
(USA),  T.M.  Eneev,  R.M.  Yusupov,  V.A.  Jakubovich  (Russia) 

•  Scientific  Secretary:  N.I.  Matrosova  (Russia) 

•  Deputy  Scientific  Secretary:  A.V.  Maslennikova  (Russia) 
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NATIONAL  ORGANIZING  COMMITTEE 

•  Chair:  G.A.  Leonov  (St. -Petersburg) 

•  Vice-chairs:  V.  V.  Baranov  (Moscow),  G.  I.  Melnikov  (St. -Petersburg) 

•  Committee  Members 

V.V.  Grigoriev,  V.M.  Ivanov,  M.B.  Ignatiev,  D.A.  Indeytsev,  V.V.  Kholshevnikov,  E.V.  Kustova, 
K.V.  Matrosova,  V.O.  Nikiforov,  L.A.  Petrosian,  P.Ye.  Tovstik,  V.N.  Tkhai,  A.V.  Ushakov,  I. A.  Fi- 
nogenko,  M.P.  Yushkov 

•  Executive  Secretary:  B.V.  Trifonenko  (St. -Petersburg) 

SPONSORING  ORGANIZATIONS 

The  International  Congress  "Nonlinear  Dynamical  Analysis- 2007"  is  held  under  financial  support  of: 

•  Russian  Academy  of  Science 

•  Russian  Foundation  for  Basic  Research  (project  N207-01-06047-r) 

•  FSUE  SRC  RF  CSRI  "Elektropribor" 

•  Committee  of  Science  and  High  School  of  Saint  Petersburg  Administration 

•  European  Office  of  Aerospace  Research  &  Development  (EOARD)  (grant  FA8655-07-1-5037) 
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MAIN  DATES  OF  LIFE  AND  CREATIVE  WORK  OF 
ALEXANDER  M.  LYAPUNOV 

1857,  May  25,  Old  Style  —  Alexander  Lyapunov  was  born  in  Yaroslavl. 

1864  ~  Lyaponov’s  family  establishes  in  their  estate  in  Bolobonovo  village,  Kurmysh  district  of  Simbirsk 
gubernia. 

1 868  —  Father  of  Alexander  Lyapunov,  Mikhail  Vasilievich,  dies. 

1870  —  Lyaponov’s  family  moves  to  Nizhniy  Novgorod;  Alexander  enters  to  the  third  form  of  the  gymnasium, 
and  graduates  from  it  in  1876. 

1 876,  August  —  Alexander  enters  to  the  Petersburg  University,  department  of  physics  and  mathematics. 

1880  —  Lyapunov  is  awarded  with  a  gold  medal  for  his  student  work  on  hydrostatics  (February). 

May  —  Lyapunov  graduates  from  the  Petersburg  University  and  remains  at  the  chair  of  mechanics.  First  scientific 
works  under  supervision  of  D.K.  Bobylev. 

1882  —  Lyapunov  meets  academician  P.L.  Chebyshev  and  obtains  from  him  the  topic  of  his  dissertation. 

1885,  January  27  —  Defence  of  dissertation  "On  the  stability  of  ellipsoidal  forms  of  equilibrium  of  a  rotating 
liquid".  Master  degree  in  applied  mathematics. 

1885  —  Lyapunov  obtains  the  privat-docent  title  and  moves  to  Kharkov.  Beginning  of  his  teaching  activity  in 
the  Kharkov  University,  chair  of  mechanics. 

1886,  January  17  —  Alexander  Lyapunov  weds  in  Petersburg  to  Natalia  Rafailovna  Sechenova 

1888  —  Publication  of  the  paper  "On  the  constant  screw  motions  of  a  rigid  body  in  liquid".  In  this  paper,  the 
main  ideas  of  the  first  Lyapunov  method  in  the  stability  theory  are  stated  for  the  first  time. 

1889  —  Publication  of  the  work  "On  the  stability  of  motion  in  one  particular  case  of  the  three-body  problem". 
1892,  September  30  -  Defence  of  dissertation  "General  problem  of  the  motion  stability"  in  Moscow  University. 

1 893  —  Lyapunov  obtains  the  title  of  ordinary  professor. 

1894  —  Publication  of  the  work  "On  one  property  of  differential  equations  for  a  problem  of  motion  of  a  hard 
solid  body  with  a  fixed  point". 

1896  —  Publication  of  the  paper  "On  the  series  proposed  by  Hill  for  the  Moon  motion  representation". 

1898  —  Publication  of  the  work  "On  some  questions  related  to  the  Dirichlet  problem". 

1899,  October  —  A.M.  Lyapunov  is  elected  as  a  chair  of  Kharkov  Mathematical  Society. 

1900  —  First  publication  where  Lyapunov  proves  the  central  limit  theorem. 

December  —  A.  M.  Lyapunov  is  elected  as  a  correspondent  member  of  the  Academy  of  Science. 

1901,  October  6 —  Election  of  A.M.  Lyapunov  as  an  ordinary  academician  in  applied  mathematics. 

1902,  May  —  Lyapunov  moves  to  Petersburg  and  starts  the  academical  period  of  his  life.  Publication  of  the 
work  "On  the  main  principle  of  the  Neumann  method  in  the  Dirichlet  problem". 

1903  —  Publication  of  the  paper  "Studies  in  the  theory  of  celestial  bodies  figures" ,  where  Lyapunov  starts 
investigations  of  equilibrium  figures  of  nonhomogeneous  liquids. 

1905  —  Publication  of  the  paper  "On  one  Chebyshev  problem"  where  Lyapunod  gives  the  summary  of  results 
obtained  by  him  in  the  solution  of  this  problem. 

1906  --  Appearance  of  the  first  part  of  the  fundamental  Lyapunov’s  work  "On  the  equilibrium  figures,  close  to 
ellipsoids,  for  homogeneous  rotating  liquids". 

1907  —  A.M.  Lyapunov  initiates  celebration  of  the  200th  anniversary  of  Russian  academician  Leonard  Euler 
and  publication  of  his  complete  works. 

Lyapunov  is  elected  as  a  member  of  Palermo  Mathematical  Society  (November). 

1908  —  Lyapunov  participates  in  the  IV  International  Mathematical  Congress  in  Rome  (March).  Lyapunov  is 
elected  as  a  member  of  Academy  of  Science  dei  Lincei  (September). 

1909  —  Appearance  of  the  second  part  of  the  fundamental  work  on  the  equilibrium  figures  of  homogeneous 
liquids. 

1911,  May  —  Short  rest  in  Switzerland. 

1912,  1914  —  Appearance  of  the  third  and  fourth  parts  of  the  Lyapunov  work  on  the  equilibrium  figures  of 
homogeneous  liquids. 

1 91 6,  March  —  Lyapunov  is  elected  as  a  correspondent  member  of  Paris  Academy  of  Science. 

1 91 7,  30  uwnfi  —  Lyapunovs  arrival  to  Odessa  . 

1918,  September  —  Lecture  course  "On  the  shape  of  celestial  bodies"  in  the  Novorossiisk  University. 

1918,  October  31,  New  Style  —  The  wife  of  Alexander  Lyapunov,  Natalia  Rafailovna  Sechenova,  dies. 

1918,  November  3,  New  Style  —  Death  of  Alexander  Mikhailovich  Lyapunov. 
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O  >KH3HH  H  TBOPHECTBE 
AJIEKCAHAPA  MHXAHJIOBHHA  JlfflYHOBA 

ILjihcc  B.A. 

CaHKm.-IJemepdypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

IIpocjiejKi-iBaeTCH  6iiorpa4)iiH  h  TBopuecKiiii  nyTB  pyccKoro  yueiroro,  aKa,a,eMiiKa  AjieKcaimpa  Mi-ixaiuiOBi-iHa 
.HanyHOBa.  Oco6oe  BHriMam-ie  ya,ejiHeTCH  nepBOMy  MeTO,a,y  A.  M.  JlanyHOBa. 

Jlmepaiypa 

[1]  FIjiucc  B.A.  O  >kh3hm  h  TBopaecTBe  AjieKcaHflpa  MuxaiijiOBH’ia  JlanyHOBa  //  BecTHHK  C.-IlcTep6ypr.  yH-Ta.  Cep.  1. 
2007.  Bbin.  2. 


On  the  Life  and  Creative  Works  of  Alexander  Mikhailovich  Lyapunov 

Pliss  V.A. 

Saint  Petersburg  State  University,  Russia 

Biography  and  creative  development  of  Russian  scientist,  academician  Alexander  Mikhailovich  Lyapunov  is 
discussed.  Main  attention  is  focused  on  the  first  Lyapunov  method. 


LYAPUNOV  BUNDLES  IN  CYCLIC  FEEDBACK  SYSTEMS  WITH  DELAYS 

George  Roger  Sell 

University  of  Minnesota,  USA 

In  this  lecture  we  will  examine  the  dynamics  of  the  global  solutions  of  a  nonautonomous  linear  cyclic  systems  of 
differential  equations  with  time  delays  and  a  feedback  property.  Among  other  things,  we  show  that  the  longtime 
dynamics  of  such  a  system  can  be  described  in  terms  of  a  family  of  second-order  ordinary  differential  equations. 
The  methods  of  analysis  rely  heavily  on  a  delicate  interplay  between  the  Lyapunov  exponents  of  the  global 
solutions  of  the  delay  equations  and  an  associate  discrete- valued  Lyapunov  function. 
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3AAAHH  ^HHAMHKH  H  ynPABJIEHHH  RJISL  rHEPHAHbIX  CHCTEM 

KypjKaHCKHH  A.B. 

MocKoecKuu  socydapcmeennuu  ynueepcumem,  Poccuh 

AoKjia^i,  nocBHm,eH  iiOBOMy  Kjiaccy  ciiCTeM,  b  kotopbix  HenpepBiBHan  ^imaMi-iKa  coneTaeTcn  c  .nyiCKpeTHoii.  A 
HMeHHOj  b  KanygBiii  momcht  BpeMemi  ^BiDKemie  ciiCTeMBi  ocymecTBjiaeTCH  b  cnjiy  o,h,hoh  H3  3apaHee  3a,n,aH- 
hbix  HenpepBiBHBix  ciiCTeM,  npiiiia,a,jie>Kamiix  3aq,aHHOM  Kjiaccy.  nepeKjnouemie  c  o,h,hoh  CiiCTeMBi  Ha  ,a,pyryK) 
ocymecTBjiaeTCH  b  ciuiy  KOMaH,n,,  no,n,aBaeMBix  npiicoe^HHeHHoii  cncTeMoft  c  .nyiCKpeTHBiMii  coctohhhhmh,  no 
pe3yjiBTaTaM  H3Mepemi5i  ,n,HHaMHKH  HenpepBiBHoro  ^BicKemra. 

B  ,n,OKjia^i,e  paccMOTpeHBi  cjie^yromne  BonpocBi: 

•  mothb apriri ,  npi-iMepBi  3a^,an, 

•  MaTeMaTiinecKiie  MO,n,ejiH, 

•  KanecTBeHHoe  noBe^emie,  ycToiimiBOCTB, 

•  ynpaBjieHi-ie, 

•  BBinricjiiiTGjiBHBie  acneKTBi. 


Problems  of  Dynamics  and  Control  for  Hybrid  Systems 

Kurzhanskii  A.B. 

Moscow  State  University,  Russia 

The  lecture  is  devoted  to  a  new  class  of  systems  with  combined  continuous  and  discrete  dynamics.  The  following 
topics  are  discussed: 

•  motivation,  examples; 

•  mathematical  models; 

•  qualitative  behaviour,  stability; 

•  control; 

•  numerical  aspects. 


nEPBblH  METOA  JIHnyHOBA  RJISL  CHJTbHO  HEJIHHEHHbIX  CHCTEM 

AMOEPEHIJHAJTbHblX  yPABHEHHH 

K03JIOB  B.B. 

MameMamunecKuil  uHcmumym  UMenu  B.A.  CmeKAoea  PAH,  Poccuh 

AoKjiaq,  nocBHipeH  npo6jieMe  nocTpoemra  pememin  CiiCTeM  obbiKHOBeHHBix  ^H(f)(f)epeHu,HajiBHBix  ypaBHemiii 
co  CTeneHHoti  acuMU'roTHKOu.  JXjisl  stoh  pejin  pa3pa6oTaHa  npoqeqypa  nocTpoemra  pememin  b  Biiqe  pnq,OB 
no  o6paTHBiM  CTenemiM  BpeMemi,  KOScfxjHmHeHTBi  kotopbix  -  nojniHOMBi  ot  jiorapncjrMOB  BpeMemi.  Tam-ie 
psi^Bi  MoryT  BCio^y  pacxoqyiTBCJi,  oq,HaKO  cyipecTByiOT  TOUHBie  pememin,  rjir  kotopbix  sth  pn^Bi  hbjihiotcji 
hx  acHMnTOTnnecKHMH  pa3Jio»cemi5iMH.  PaccMaTpiiBaeTCH  chjibho  HejinHeimBin  cjiyuan,  Kor,n,a  cymecTBOBamie 
TaKnx  pememin  HeB03MO>KHO  BBiBecTH,  ocHOBBiBancB  jiiiuib  Ha  aHaiiH3e  CiiCTeMBi  nepBoro  npn6jin>Kemni. 

06cy»cq,aeTCJi  npiiMeHemie  stoh  tcxhukh  k  3aq,anaM  Teopiui  ycTOiimiBOCTH.  ByziyT  paccMOTpeHBi  q,Ba  npi-i- 
Mepa.  IlepBBiH  KacaeTcn  3aq,ann  o  neycTonm-iBOCTi-i  H30JinpoBaHHoro  paBHOBecmi  aBTOHOMHon  CiiCTeMBi  c  hh- 
TerpajiBBiM  HHBapnaHTHOM  b  HeneTHOMepHon  npocTpaHCTBe ,  a  BTopoii  —  npo6jieMBi  o6paiu,emi5i  KjiaccnuecKon 
TeopeMBi  JlarpaHnca-Ai'ipnxjie  06  ycTOiimiBOCTH  b  aHajiiiTi-mecKOM  cjiynae,  nocTaBjieHHoii  A.M.JLinyHOBBiM. 


First  Lyapunov  Method  for  Strongly  Nonlinear  Differential  Equation  Systems 

Kozlov  V.V. 

V.A.  Steklov  Mathematical  Institute  of  RAS,  Moscow,  Russia 


A  new  algorithm  for  the  construction  of  solutions  of  ordinary  differential  equations  with  power  asymptotics  is 
developed.  This  technique  is  applied  for  the  stability  problems,  two  examples  are  discussed. 
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ON  THE  EXISTENCE  AND  LIPSCHITZIANITY  OF  SOLUTIONS 
TO  VARIATIONAL  PROBLEMS  UNDER  SLOW  GROWTH  ASSUMPTIONS 

Arrigo  Cellina 

Dipartimento  di  Matematica  e  Applicazioni,  Universita  degli  Studi  di  Milano- Bicocca,  Italy 


We  consider  the  problems  of  minimizing  the  integral 

rb 


L(x(s),x'(s))ds 


for  x  :  [a,  b]  — >  absolutely  continuous  and  satisfying  x(a)  =  A,x(b )  =  B,  or  the  integral 


L{\\  Vu(cc)||)  dx 


under  suitable  boundary  conditions.  We  discuss  the  existence  and  Lipschitzianity  of  solutions  to  the  above 
problems,  under  slow,  i.e,  linear,  growth  assumptions.  The  growth  assumption  we  consider  is  expressed  in  terms 
of  the  polar  of  the  Lagrangean  L  with  respect  to  £  .  For  the  case  when  the  variable  of  integration  is  a  vector,  we 
discuss  the  role  of  the  curvature  of  dll.  Our  result  contains  the  classical  result  for  the  non-parametric  minimal 
surface  problem  as  a  special  case. 
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PLENARY  LECTURES 


METOAbI  yilPABJTEHM  H  OI^EHHBAHHa  RJIK  flHHAMHHECKHX 

chctem  ripn  hajihhhh  heqiipe^ejiehhqcteh  n  oppahhhehhh 

HepHoycfaKo  <E>.JI.,  AHaHBeBCKnn  H.M.,  OsceeBHH  A.H. 

Hncmumyrn  npoUneM  Mexcmunu  Poccuuckou  AnadeMuu  HayK,  Mocnea,  Poccuh 

AoKjiap  nocBsnpeH  MeTopaM  opem-mamra  (J>a30Boro  coctohhiih  pH  h  uni  h  hoc  k  h  x  ciiCTeM  h  nocTpoemiio  3aKOHOB 
ynpaBjieHiia  Ha  ocHOBe  Tatcnx  opeHOK.  PaccMaTpiiBaiOTCH  ynpaBjraeMBie  pi-maMi-mecKne  CHCTeMw,  nopBepncermnie 
B03Myiu,eHHHM,  b  npepnojiOHceHini,  hto  Ha  ynpaBjunoipne  nepeMeHHBie  Hajio»ceHBi  orpaHHHeHiin. 

B  nepBoii  uacra  poKjiapa  pasBimaiOTCH  MeTopni  sjuinnconpajiBHon  annpoKCHMapHH  o6jiacTeii  pocthjkhmo- 
cth  piiHaMiiHecKiix  CiiCTeM .  AaHHbIii  nopxop  coctoiit  b  nocTpoeHiin  BHyTpeHHiix  h  BHeniHiix  sjuiHnconpajiBHBix 
opeHOK,  3apaBaeMBix  pi-KjKjjepeHpuajiBHBiMH  HepaBeHCTBaMH,  hto  c6jni>KaeT  ero  c  mbtopom  cjryHKpnn  JlnnyHOBa. 
llopxop  no3BOjiHeT  naxopiiTB  onTHMajiBHBie  annpoKncnpyioipHe  ajuiiincoupBi,  npiineM  onTHMajiBHOCTB  mojkbt 
6bitb  Kax  jiOKajiBHaa,  Tax  h  rjio6ajiBHaa,  a  onTHMH3iipyeMBie  cjDyHKpiiOHajiBi  MoryT  6bitb  pa3JiHHHoro  Bnpa. 
BbiBepeHBi  piKjxJjepeHpuajiBHBie  ypaBHeHira,  onncniBaioipHe  SBOjiropmo  onTHMajiBHBix  sjunmconpoB,  BBimicaHBi 
hx  pemeHHH  b  hbhom  Biipe.  flpoBopiiTCH  KOJiiiHecTBeHHoe  h  KanecTBeHHoe  HCCJiepoBaHiie  3bojik>phh  onTHMajin- 
hbix  annpoKCHMHpyiOH^Hx  sjunmconpoB.  IfeynaeTCH  acHMnTOTHKa  pa3JiiiHHBix  TimoB,  BKjnonaH  acriMnTOTHKy 
no  6ojiBHiOMy  BpeMemi  pbh>k6hhh  ii  no  pa3MepHOCTi-i  (J>a30Boro  npocTpaHCTBa  chctcmm.  IIoKa3aHO,  hto  bo 
MHon-ix  cjiynaax  aciiMnTOTHHecKoe  noBepem-ie  onTHMajiBHBix  ajunincoiipoB  Tanoe  nee,  Kan  y  cooTBeTCTByroipiix 
o6jiacTeii  pocthhchmocth. 

Bo  BTopofi  nacTH  poKjiapa  paccMaTpiiBaeTca  3apana  ynpaBjieHHH  pBiraceiiiieM  jiarpaHuceBBix  pHHaMHnecKHx 
ciiCTeM,  Haxopjnpiixcsi  nop  pencTBiieM  HeonpepejieHHBix  cjmKTopoB.  IlocTpoeH  KycoHHO-jiHHeHHBin  3aKOii  ynpaB- 
jieHHH,  KOTopnin  no3BOjraeT,  Ha  ocHOBe  ajijinnconpajiBHBix  opeHOK  (f>a30Boro  coctohhiih  cncTeMBi  na  KancpoM 
mare,  npiiBopiiTB  cncTeMy  b  3apaHHoe  cocTOsmue  3a  KOHenHoe  BpeMH.  C  ncnojiB30BaHneM  MeTopa  <J>yHKpnH 
JlnnyHOBa  npepjiojKBH  HenpepniBHBin  aHajior  TaKoro  3aKOHa  ynpaBjieHHH. 

9(J)4)eKTHBHOCTB  pa3BHBaeMBix  MeTopoB  npopeMOHCTpnpoBaHa  nyTeM  KOMnwoTepHoro  MopejinpoBaHnn  pn- 
HaMHKH  pa3JIHHHBIX  ynpaBJIHCMBIX  pHHaMHHeCKHX  CI-ICTeM. 


Methods  of  Control  and  Evaluation  for  Dynamic  Systems  with 
Uncertainties  and  Constraints 

Chernousko  F.L.,  Ananievskiy  I.M.,  Ovseevich  A. I. 

Institute  for  Problems  in  Mechanics  of  RAS,  Moscow,  Russia 


This  talk  is  devoted  to  the  methods  of  dynamical  systems  phase  state  evaluation  and  building  of  control  laws 
on  the  basis  of  these  estimates.  Controlled  dynamical  systems  subject  to  perturbations  are  considered  under 
uncertainties  and  constraints. 
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O  BAPHAIJHOHHbIX  nPHHipfflAX  RJISL  CHCTEM 
C  HEYAEP^CHBAIOmnMH  CBH33MH 
PyMaHii,eB  B.B. 

BunucAumeAbHuu  yenm.p  um.  A. A.  /fopodnuyuna 
Poccuuckou  AKadeMuu  nayn,  Mocnea,  Poccuh 

AaiOTCH  BbiBO,n,bi  h  (JjopMyjiiipoBKii  BapiiapiiOHHbix  npHHpHnoB  aHajiiiTHHecKOH  MexaHHKH  pjisl  ciiCTeM  c  Hey,n,ep- 
>k h b a fo i hh m h  (ocBo6o»cflaioiii,iiMii)  imeajibHbiMii  rjiaflKHMH  CBH3HMH,  nepBOHanajibHO  ycTaHOBjieHHbie  ^jih  ch- 
CTeM,  CTecHeHHbix  y; (,ep>K h  Baio  mu m h  (HeocBo6o>Kyi,aioiii,iiMii)  cbh3hmh.  IfejiaraiOTCJi:  npirapun  BiipTyajibHbix  ne- 
peMeiu,eHiiii,  HepaBeHCTBO  Oypbe,  npirapun  A&'IiaM6epa-,IIarpaH>Ka,  npirapim  HaiiMeHbmero  npHHyjKfleHHH  Fayc- 
ca  h  ero  BHflOH3MeHeHHe  —  npiiHpim  Han6ojibmeii  pafioTbi  HeTaeBa,  npirapun  ^Kyp,n,eHa,  npimpim  FaMiuibTOHa- 
OcTporpa,n,CKoro,  npirapim  HaiiMeHbmero  ^eiiCTBi-isi  b  cjjopMax  .HarpaHHca  h  5Iko6ii,  npiiHpiin  CycjiOBa-BopoHpa. 


On  Variational  Principles  for  the  Systems  with  Unilateral  Constraints 

Rumyantsev  V.V. 

A. A.  Dorodnitsyn  Computational  Center  RAS,  Moscow,  Russia 

Formulation  and  derivation  of  some  analytical  mechanics  variational  principles  for  systems  with  unilateral 
constraints  are  given.  Principles  of  virtual  displacements,  Fourier  inequality,  D’Alamber-Lagrange  principle  and 
other  principles  are  discussed. 


LIAPUNOV’S  DIRECT  METHOD  FOR  INTEGRAL  EQUATIONS 

Burton  T.A. 

Northwest  Research  Institute,  USA 


Given  a  differentiable  Liapunov  function  we  readily  take  the  derivative  along  the  solutions  of  a  differential 
equation,  usually  by  the  chain  rule.  But  for  an  integral  equation  there  are  special  problems  with  differentiating 
the  Liapunov  function  along  the  solution.  In  the  first  part  of  this  talk  we  introduce  techniques  for  differentiating 
the  Liapunov  function  along  the  solution  of  the  integral  equation. 

In  the  second  part  of  the  talk  we  consider  a  scalar  integral  equation 


x(t)  =  a(t)  —  f  C(t,s)x(s)ds 
Jo 


and  the  resolvent 


x(t)  =  a(t)  —  f  R(t,s)a(s)ds. 
Jo 


For  a  nice  kernel,  C(t,s),  classical  results  show  that  when  a(t)  is  bounded,  so  is  the  solution;  when  a(t)  is  in 
Lp,  so  is  the  solution;  when  a(t)  is  asymptotically  periodic,  so  is  the  solution.  In  short,  for  a  nice  kernel  the 
solution  follows  a(t).  We  next  show  that  this  is  something  of  a  coincidence.  In  fact,  under  a  variety  of  general 
conditions  it  is  true  that  jfJ  R(t ,  s)a(s)ds  is  almost  an  exact  copy  of  a(t).  If,  for  example,  we  consider 


x(t)  =  (t  +  l)1/2  —  f  C(t,s)x(s)ds 
Jo 


then  under  mild  conditions  on  C(t,s )  it  is  true  that  x  £  Lp[0,oo).  It  is  not  x(t)  which  is  following  a(t),  but 
rather  fQ  R(t,  s)a(s)ds  is  following  a(t)  and  x(t)  remains  very  small.  A  number  of  such  results  are  given  based 
on  Liapunov  functions. 
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O  PA3BHTHH  BTOPOrO  METO^A  JianYHOBA  B  TEOPHH 
yCTOHHHBOCTM  ,H;Bn>KEHH5I 

KpacoBCKHH  H.H. 

HHcmumym  MameMamuKU  u  MexanuKU  YpaAbCKOdo  omdenenuH 
Poccuuckou  AKadeMuu  nayn,  Poccun 

06cyjK,n,aeTCH  pasBiiTiie  MeTO,n,a  cjryHxpiiH  JlnnyHOBa  b  Teoprai  ycTOiiHiiBOCTi-i  ^Binxemia.  OcHOBHoe  BHi-iMamie 
yn,ejieHO  pe3yjiBTaTaM,  c  xotopbimh  CBH3aHBi  iiccjie^OBaHiia  ypajiBCKoii  hixojibi  H.T.  Majixima  h  E.A.  Bapbauni- 
Ha.  PaccMaTpiiBaiOTCH  o6o6m,eHiia  xjiacciiuecxiix  TeopeM  JlanyiiOBa  pjm  ciiCTeM,  omiCBiBaeMBix  pa3jniHHBiMH 
THnaMH  ,n,H4)4)epeHLi,iiajiBHBix  ypaBHemtfi.  ,HBHJKeHH}I  ci-ictcm  c  nocjie^eiicTBHeM  onpe^ejiaroT  nojiyrpynny  npe- 
o6pa30BaHiii“i  b  cJryHxuyiOHajiBHOM  npocTpaHCTBe  HCTopnit  ^BH/KCHHa.  B  TaxoM  acnexTe  o6cy>x,ii,aiOTCH  salami 
06  ycTOHHi-iBOCTii  c  ncnojiB30BaHiieM  cjjyHKHHH  h  cjjyHKip-iOHajiOB  .HanyHOBa.  JlflR  crroxacrr a '  rec:  x  a  x  ciiCTeM  Tax- 
ace  ctpohtch  CTOxacTiiHecxiie  (JjyHxpiin  h  cjDyHxpiiOHajiBi  .JlanyHOBa.  06cyac,a,aiOTCH  npo6jieMBi  ycToauaBoera 
ynpaBjiaeMBix  npopeccoB  b  ycjiOBiiax  Heonpe,a,ejieHHBix  h  cjiyuaimbix  .nHHaMHuecxiix  h  iiHcjjopMapiiOHHBix  no- 
Mex.  B  tom  uiicjie,  paccMaTpimaiOTCH  npo6jieMBi  CTa6HjiH3an,HH  ^bh>x6hhh  b  paMxax  Teopmi  hoshuhohhbix 
,a,ii4)4)epeHLi,iiajiBHBix  nrp  b  uiictbix  h  CMemaHHBix  CTpaTemiax. 

PaboTa  BBinojiHeHa  npii  no,imepvxxe  rpaHTa  Ilpe3H,ii,eHTa  P<3>  HIII-8512. 2006.1  h  rpaHTa  POOH  A2  06-01- 
00436 
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On  Development  of  the  Second  Method  of  Lyapunov  in  the  Theory 

of  Stability  of  Motion 

Krasovskii  N.N. 

Institute  of  Mathematics  and  Mechanics  of  Ural  Branch  of  Russian  Academy  of  Sciences,  Russia 

Development  of  the  method  of  functions  of  Lyapunov  in  the  theory  of  stability  of  motion  is  discussed  with 
application  to  systems  described  by  differential  equations  of  various  types.  Systems  with  after-effect  define  semi¬ 
groups  in  the  space  of  histories;  the  stability  is  studied  on  the  basis  of  functions  and  functionals  of  Lyapunov. 
Development  of  the  method  is  discussed  for  stochastic  systems  in  conditions  of  conflict  and  uncertainty  including 
the  concept  of  positional  differential  games  with  pure  and  mixed  strategies. 

References 

[1]  Lyapunov,  A.  M.  The  general  problem  of  the  stability  of  motion.  M.,  L.:  Cos.  Tech.  Izdat.,  1950. 

[2]  Malkin  I.G.  Theory  of  stability  of  motion.  Second  revised  edition.  M.:  Nauka,  1966. 


I1J1EHA  PHblE  AOKJlAfibl 


15 


[3]  Barbashin,  E.  A.  Introduction  to  the  theory  of  stability.  M.:  Nauka,  1967. 

[4]  Bellman  R.,  Cooke  K.L.  Differential-difference  equations.  New  York-London:  Academic  Press,  1963. 

[5]  Shimanov  S.  N.  On  a  theory  of  linear  differential  equations  with  after-effect.  / /  Differential  equations,  1965.  V.l.  N  1. 
P.  102  -116. 

[6]  Razumihin  B.  S.  On  stability  of  systems  with  delay.  //  Prikl.  Mat.  Meh.,  1956.  V.  20  N.  3.  P.  500-512. 

[7]  Yoshizawa  T.  Stability  theory  by  Lyapunov’s  second  method.  Tokyo:  Mathematical  Society  of  Japan,  No.  9,  1966. 

[8]  Hale  J.  Theory  of  functional-differential  equations.  Transl.  from  English.  M:  Mir,  1984. 

[9]  Osipov  Yu.  S.  On  stabilization  of  control  systems  with  delay  //  Differential  equations,  1965.  V.l.  N.  5.  P.  605-618. 

[10]  Burton  T.  A.  Stability  and  periodic  solutions  of  ordinary  and  functional-differential  equations.  New  York:  Academic 
Press,  1985. 

[11]  Krasovskii  N.  N.  Certain  problems  in  the  theory  of  stability  of  motion.  M:  Fiz.-Mat.  Lit.,  1959. 

[12]  Hasminskii  R.  Z.  Stability  of  systems  of  differential  equations  under  random  perturbations  of  their  parameters.  M: 
Nauka,  1969. 

[13]  Kushner  H.J.  Stochastic  stability  and  control.  New  York-London:  Academic  Press,  1967. 

[14]  Kac  I.Ya.,  Krasovskii  N.N.  On  the  stability  of  systems  with  random  parameters  //  Prikl.  Mat.  Meh.,  1960.  V.  24 
N.  5.  P.  809-823. 

[15]  Kurzhanskii  A.B.  Control  and  Observation  under  Conditions  of  Indeterminacy.  M:  Nauka,  1977. 

[16]  Subbotin,  A.I.;  Chentsov,  A.G.  Guaranteed  optimization  in  control  problems.  M:  Nauka,  1981. 

[17]  Krasovskii  N.N.,  Subbotin  A.I.  Positional  differential  games.  Moskow:  Nauka,  1974. 


16 


STABILITY  THEORY  AND  NONLINEAR  OSCILLATIONS 
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STABILITY  IN  SIMPLE  SYSTEMS  INVOLVING  SHOCKS  AND  FRICTION 

Basseville  S.  and  Leger  A. 

Laboratoire  d’Ingenierie  des  Systemes  de  Versailles,  France 
Laboratoire  de  Mechanique  et  d’Acoustique,  CNRS,  Marseille,  France 

The  aim  of  this  communication  is  to  study  the  stability  of  equilibrium  states  in  a  mechanical  system  involving 
unilateral  contact  and  Coulomb  friction.  We  consider  a  simple  mass  spring  system  submitted  to  an  external 
force  and  constrained  to  remain  in  a  half-space.  The  contact  of  the  mass  with  the  boundary  of  the  half-space 
is  assumed  to  hold  with  Coulomb  friction.  The  unilateral  contact  and  Coulomb  friction  laws  are  strict,  without 
regularization.  Consequently,  the  possible  shocks  imply  to  take  the  equation  of  the  dynamics  in  the  sense  of 
measure  and  not  in  the  classical  sense.  The  reason  of  this,  is  that  the  right  hand-side  of  the  equation  of  the 
dynamics  involves  the  reaction  of  the  obstacle,  and  the  relation  between  the  reaction  and  the  displacement  is 
not  a  function  but  a  graph.  Moreover,  the  shocks  means  that  the  velocity  is  not  a  continuous  function  but  a 
function  of  bounded  variation,  and  the  unilateral  contact  conditions  imply  that  the  normal  component  of  this 
reaction  should  satisfy  a  positivity  condition.  So  that,  this  right  side  is  not  only  a  distribution  but  a  measure. 
These  remarks  indicate  that  the  stability  analysis  can  not  be  usual. 

Recently,  we  have  established  that  the  problem  of  Cauchy  is  well  posed  if  the  external  forces  are  analytical, 
(counter-examples  to  uniqueness  can  be  built  if  the  forces  are  less  regular). 

Consequently,  we  return  to  basic  definitions  of  stability  by  studying  the  time  evolution  of  the  distance  between 
a  given  equilibrium  and  the  solution  of  a  Cauchy  problem  where  the  initial  data  belong  to  a  neighborhood  of  the 
equilibrium  in  a  classical  phase  space.  If  there  exists  a  perturbation  such  that  the  dynamics  diverges  from  the 
equilibrium  in  a  finite  time  or  asymptotically  in  time,  the  equilibrium  will  be  unstable.  On  the  other  hand,  if  no 
perturbation  leading  to  a  divergence  exists,  the  equilibrium  will  be  Lyapunov  stable  or  asymptotically  stable. 
The  first  step  consists  in  exploring  the  set  of  equilibrium  states.  It  appears  that  the  set  of  equilibria  depends 
on  the  stiffness  parameters,  friction  coefficient,  and  external  loads  and  may  consist  of  a  single  solution  or  of  an 
infinity  of  solution.  According  to  a  contact  and  friction  laws,  some  equilibria  are  without  contact,  or,  when  they 
are  in  contact,  they  can  be  strictly  stuck  or  in  impending  slip. 

Then,  we  can  study  the  stability  of  all  the  equilibrium  states.  The  results  obtained  are  summarized  below 

•  The  equilibrium  states  in  impending  slip  involving  a  strictly  negative  reaction  can  be  either  stable  or 
unstable; 

•  The  only  asymptotically  stable  equilibrium  is  the  equilibrium  state  in  grazing  contact  when  it  is  the  single 
equilibrium  state.  If  the  equilibrium  in  grazing  contact  coexists  with  other  equilibrium  states,  then  it  is 
Lyapunov  stable; 

•  All  the  equilibria  in  strictly  stuck  contact  are  Lyapunov  stable. 
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STABILITY  A  SPATIAL  DYNAMICS  FOR  HYPERCYCLES  EVOLUTION 
EQUATION  OF  NATURAL  SELFORGANIZATION 

Bratus’  A.S.,  Posviansky  V.P. 

Moscow  University  of  Transport  Means  (MIIT),  Russia 


The  system  of  semi  linear  parabolic  equation,  which  described  a  mathematical  model  of  natural  self  organization 
is  considered  [1,  2].  Denote  by  uRx,  t)  (0  <  x  <  l,  t  >  0)  a  density  of  i-th  type  of  macromolecule.  The  differential 
equations  for  the  growth  macromolecules  in  the  cases  of  autocatalyzing  and  hypercycles  respectively  has  the 

f°rm  gu.  g?  u.  gu.  gu. 

^  =  Ui(kiUi  -  A(t))  +  d^,  Ui(x,0)  =  vlx),  ^(0,i)  =  =  0; 

^  =  Ui(kiUi- 1  -  +  di^f,  ui(x,  0)  =  <p{x),  ^(0,t)  =  ^(M)  =  °> 

uq  —  wn,  i  —  1, 2, Ti. 

Here  ki  is  the  replication  rate,  /i(£),  f2(t)  are  the  following  functionals 


n  A  n 

/1(i)  =  5Z/  kirfdx,  h(t)=^2  kiUiUi-idx , 

Jo  Jo 


which  assures  the  integral  condition  of  constancy  summary  densities  uf. 


Consider  the  problem  of  existence  and  stability  of  nontrivial  solution  for  the  corresponding  steady  state 
problem 

uRkiUi  -  ff)  +  di^f-  =  0,  "w— (0)  =  ~K~{f)  —  0,  i  =  1,2,  ...,n; 


-  /2)  +  d. 


dx 2 
d2 


ax v  '  ax 

dui  dut , 


a*  =  0’  S<0)=  a?(,)  =  0'  i  = 


^0  —  wn. 


Theorem.  If  the  following  inequality  takes  place 


i=l 


then  in  the  Sobolev  space  Hi  there  exist  the  nontrivial  stable  solutions  of  steady  state  problems.  For  sufficiently 
small  A  these  solutions  are  cycles  of  arbitrarily  large  length. 

The  results  of  numerical  solution  of  steady  state  problem  and  the  initial  boundary  value  problem  with  the 
help  of  Galerkin  method  are  presented. 
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ALEXANDER  LYAPUNOV  AND  HIS  ROLE  IN  ST.-  PETERSBURG 
SCIENTIFIC  SCHOOL  OF  MATHEMATICS  AND  MECHANICS 
IN  THE  19TH-20TH  CENTURIES 

Lopatukhin  A.L.*,  Lopatukhina  I.E.**,  Polyakhov  N.N.***,  Polyakhova  E.N.** 

*  Transtech  Company  Ltd, 

**  Saint-Petersburg  State  University,  Russia, 

***  Saint-Petersburg  State  Polytechical  University,  Russia 

The  widely  known  scientific  legacy  of  Russian  scientists  of  the  18th  -  19th  centuries  shows  several  scientific 
schools  in  Mathematics,  Classical  and  Applied  Mechanics,  Celestials  Mechanics  and  Astronomy.  Main  Schools 
are  listed  as  follows. 

School  of  Leonard  Euler  (1707  -  1783):  Euler  himself,  his  colleagues,  disciples  and  followers,  e.g,  Simeon 
Kotelnikov  (1723  -  1813),  Mathematics,  Mechanics;  S.  Rumovsky  (1731  -  1812),  Astronomy;  A.  Lexell  (1741  - 
1784),  Celestials  Mechanics  and  Astronomy;  W.  Krafft  -  son  (1743  -1814),  Mathematics,  Physics;  N.  Fuss  (1755 

-  1826)  Mathematics;  M.  Golovin  (1756  -  1790),  Applied  Mathematics,  Mechanics;  F.  Schubert  (1758  -  1825), 
Mathematics,  Celestials  Mechanics  and  Astronomy;  S.  Gur’ev  (1766  -  1813),  Mathematics,  Mechanics. 

School  of  Michael  Vasilievich  Ostrogradsky  (1801  -  1862)  Pure  and  Applied  Mathematics,  Analytical  and 
Celestial  Mechanics,  Mathematical  Physics.  In  the  field  of  applied  science  development,  two  main  engineering 
branches  can  be  listed  as  follows.  The  branch  of  Ballistics  and  Artillery:  N.  V.  Mayevsky  (1823  -  1892),  A.  V. 
Gadolin  (1829  -  1892),  I.  A.  Vyshnegradsky  (1831  -  1895),  D.  K.  Bobylev  (1842  -  1917).  The  branch  of  Railway 
Engineering:  D.  V.  Yurovsky  (1821  -  1891),  G.  E.  Pauker  (1822  -  1889),  N.  P.  Petrov  (1836  -  1920). 

School  of  O.  I.  Somov  and  D.K.  Bobylev  in  Applied  Mechanics  and  Mathematical  Physics:  O.  I.  Somov  (1815 

-  1876), V.  V.  Imshenetsky  (1832  -  1892),  D.  K.  Bobylev  (1842  -  1917),  P.  O.  Somov-son  (1852  -  1919). 

School  of  P.  L.  Tchebyshev  (1821  -  1894)  in  Pure  and  Applied  Mathematics,  and  Mechanics:  A.  N.  Korkin 
(1837  -  1908),  K.  A.  Rosse  (1847  -  1928),  Ye.  I.  Zolotarev  (1847  -  1878),  S.  V.  Kovalevskaya  (1850  -  1891),  A. 
A.  Markov  (1856  -  1922),  A.  M.  Lyapunov  (1857  -  1918),  G.  K.  Suslov  (1857  -  1934),  I.  V.  Mestchersky  (1859 

-  1935),  A.  N.  Krylov  (1863  -  1945),  V.  A.  Steklov  (1864  -  1936). 

It  is  known  that  P.  L.  Tchebyshev’s  lectures  in  St-Petersburg  University  influenced  on  young  student  A. 
Lyapunov  in  the  1870s.  In  1880  Lyapunov  came  from  University,  in  1882  he  asked  P.  L.  Tchebyshev  suggestion 
about  possible  topic  of  Master  Dissertation.  Tchebyshev  proposed  him  the  equilibrium  figures  of  rotating  fluid 
masses  in  Newton’s  gravitational  field  and  their  stability  problem.  Tchebyshev  himself  felt  interested  in  this 
problem  but  he  had  no  time  to  solve  it.  Originally  he  proposed  this  problem  for  solution  to  S.  Kovalevskaya 
and  Ye.  Zolotarev  but  A.  Lyapunov  was  the  single  person  who  agreed  to  investigate  the  so-called  Tchebyshev’s 
problem.  The  problem  can  be  formulated  as  follows:  to  find  new  non-ellipsoidal  configurations  of  a  rotating  fluid 
mass  close  to  classical  ellipsoidal  solutions  of  Colin  Machaurin  (1698  -  1746)  and  Carl  Yacobi  (1804  -  1851). 

A.  Lyapunov  dealt  with  this  problem  in  St. -Petersburg  till  1885  and  later  after  1902  when  he  returned  from 
Kharkov.  He  found  new  kinds  of  equilibrium  figures  (among  them  the  "pear-form"  figure)  and  investigated 
stability  of  these.  His  main  result  was  obtained  in  1905,  however,  it  was  published  firstly  in  1912.  During  his 
work,  Lyapunov  frequently  discussed  this  problem  with  Henry  Poincare  (1854-1912)  and  George  Darwin  (1845 

-  1912).  They  both  considered  the  "pear-form"  figure  as  a  stable  one  but  A.  Lyapunov  proved  by  applying  the 
mathematical  methods,  non-stability  of  this  figure. 
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BIFURCATIONS  OF  EQUILIBRIA  IN  POTENTIAL  SYSTEMS 
AT  BIMODAL  CRITICAL  POINTS 

Mailybaev  A. A.,  Seyranian  A.P. 

Institute  of  Mechanics,  Moscow  State  Lomonosov  University,  Russia 

Bifurcations  of  equilibria  in  general  potential  systems  having  arbitrary  degrees  of  freedom  at  bimodal  branching 
points  are  investigated.  General  formulae  describing  postbuckling  paths  and  conditions  for  their  stability  are 
derived  in  terms  of  the  original  potential  energy.  A  full  list  of  possible  cases  for  postbuckling  paths  and  their 
stability  depending  on  three  system  coefficients  is  presented.  In  order  to  calculate  these  coefficients  the  derivatives 
of  the  potential  energy  and  eigenvectors  of  the  linearized  problem  taken  at  the  bifurcation  point  are  needed. 
Formulae  describing  unfolding  of  bimodal  branching  points  due  to  change  of  system  parameters  are  derived. 
The  presented  theory  is  illustrated  by  a  mechanical  example  on  stability  and  postbuckling  behavior  of  an 
articulated  elastic  column  having  four  degrees  of  freedom  and  depending  on  three  problem  parameters.  For 
some  of  the  bimodal  critical  points  numerical  results  are  obtained  illustrating  influence  of  problem  parameters 
on  postbuckling  paths,  their  stability  and  unfolding.  A  surprising  phenomenon  that  a  symmetric  bimodal  column 
loaded  by  an  axial  force  can  buckle  with  a  stable  asymmetric  mode  is  recognized. 


SINGULARLY  PERTURBED  STATE-DEPENDENT  DELAY  EQUATIONS: 

ASYMPTOTICS  AND  STABILITY 

Mallet-Paret  J. 

Division  of  Applied  Mathematics  Brown  University  Providence,  RI  02912 

We  discuss  recent  results  on  differential-delay  equations  of  the  form 

ex{t)  =  f(x(t),x(t  -  r)). 

We  focus  on  the  case  in  which  the  delay  r  >  0  is  of  state-dependent  type  r  =  r(x(t)).  After  determining  the 
limiting  shape  of  solutions  for  small  s,  we  study  the  detailed  asymptotics  of  these  solutions.  Such  an  analysis  is 
important  in  obtaining  stability  results,  as  well  as  for  results  for  problems  with  multiple  delays.  Techniques  and 
ideas  employing  degree  theory,  max-plus  operators,  a  priori  estimates,  and  geometric  singular  perturbations  are 
used  in  our  analysis. 

Intriguing  numerical  results  suggest  a  very  rich  structure,  particularly  in  the  case  of  multiple  delay  problems. 
Although  the  theory  here  is  in  its  infancy,  some  new  techniques  seem  very  promising. 
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SYMMETRIES  AND  CONSERVED  QUANTITIES  OF 
BIRKHOFFIAN  SYSTEM 

Mei  Fengxiang,  Shang  Mei,  He  Ming 

Faculty  of  Science,  Beijing  Institute  of  Technology,  China 

In  1927  Birkhoff  GD  given  a  new  integral  variational  principle  and  a  new  type  of  the  equations  of  motion  in  his 
work  "Dynamical  Systems".  In  1978,  Santilli  R  M  presented  "Birkhoffian  mechanics".  Therefore,  the  Birkhoffian 
mechanics  is  a  new  development  in  classical  mechanics.  The  symmetry  theory  is  a  modern  method  to  find  the 
conserved  quantity  of  mechanical  systems.  This  paper  presents  four  symmetries  and  four  conserved  quantities 
of  Birkhoffian  system.  Firstly,  the  Noether  symmetry  is  an  invariance  of  the  PfafF-BirkhofF  action  under  the 
infinitesimal  transformations  of  time  and  the  coordinates.  A  Noether  symmetry  of  the  system  can  be  lead  to  a 
Noether  conserved  quantity.  Secondly,  the  Lie  symmetry  is  an  invariance  of  the  differential  equations  under  the 
infinitesimal  transformations.  A  Lie  symmetry  of  the  system  can  be  lead  to  a  Hojman  type  conserved  quantity 
under  certain  conditions.  Thirdly,  the  form  invariance  is  an  invariance  under  which  the  transformed  dynamical 
functions  satisfy  still  the  original  equations  of  motion.  A  form  invariance  of  the  system  can  be  lead  to  a  new 
type  conserved  quantity  under  certain  conditions.  Finally,  the  Birkhoff  symmetry  is  an  invariance  under  which 
two  groups  dynamical  functions  correspond  to  same  Birkhoff ’s  equations.  A  Birkhoff  symmetry  can  be  lead  to 
a  new  type  conserved  quantity. 


CONSTRUCTION  OF  LIAPUNOV  FUNCTION  WITH  MINIMAL  NUMBER 

OF  CRITICAL  POINTS 

Pochinka  O.V. 

Nizhny  Novgorod  State  University,  Russia 

We  consider  the  class  of  Morse-Smale  diffeomorphisms  of  sphere  S3 ,  whose  nonwandering  set  consists  of  four  fixed 
points:  one  source,  one  saddle  and  two  sinks.  Diffeomorphisms  with  such  nonwandering  set  exist  on  sphere  Sn  of 
any  dimension  n  >  2.  According  to  [1]  all  of  them  are  topologically  conjugated  for  n/3.  According  to  [2]  there 
are  countable  set  of  non  topologically  conjugated  diffeomorphism  for  n  =  3  (see  also  [3]  for  generalization). 
It  can  be  explained  by  an  opportunity  of  non  trivial  (wild)  embedding  of  separatrices  of  saddle  in  ambient 
manifold.  It  follows  from  D.  Pixton  [4]  that  in  this  case  any  Liapunov  function  of  diffeomorphism  /  has  at  least 
one  critical  point  different  from  periodic  point. 

In  our  report  for  any  diffeomorphisms  from  class  under  consideration  we  construct  Liapunov  function  with 
minimal  number  of  critical  points. 

Our  results  was  obtained  with  partial  financial  support  of  grant  05  —  01  —  00501  of  RFBR,  grant  of  the 
President  of  RF  supporting  leading  scientific  school  9686.2006.1. 
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AROUND  SOME  RESEARCH  AND  RESULTS  OF  A.M.  LIAPUNOV 
ON  SYSTEMS  WITH  PERIODIC  COEFFICIENTS  — 

DISCRETE  TIME  COUNTERPART 

Rasvan  V. 

Department  of  Automatic  Control,  University  of  Craiova,  Romania 

The  present  paper  contains  results  on  two  basic  directions.  The  first  one  deals  with  the  Euler  discretized  version 
of  a  general  Hamiltonian  system  with  complex  periodic  coefficients 

Dk+ 1  -Vk  =  A  (Bkyk  +  Dkzk+ i) 
zk+ 1  —  zk  =  — \{Akyk  +  B^zk+i) 

with  Ak,  Dk  being  Hermitian  and  all  matrices  defining  N- periodic  sequences.  The  strong  stability  results 
obtained  for  Hamiltonian  systems  of  positive  type  allow,  among  other,  to  obtain  the  discrete  time  counterpart 
of  the  Liapunov  criterion  for  the  second  order  difference  equation 

yk+ 1  ^  2 yk  +  yk_ i  +  X2pkyk  =  0 

JV-1 

with  pk  =  pk+N  >  0,  E  pk>  0  criterion  which  reads 
o 


-l 


and  ensures  total  stability. 

The  next  direction  is  concerned  with  a  model  of  the  parametric  excitation  in  discrete  time.  If  the  basic 
system  is 

yk+i-2yk  +  yk~1  + P0yk  =  0,  P0  >  0, 
the  system  under  parametric  excitation  is 

yk+ 1  -  2 yk  +  yk- i  +  PkOVk  =  0 

where  Pk{s)  is  TV-periodic  and  such  that 


N-l 

iim  I Pk{e)  -  -Pol  =  0 

£—>■0  Z - ' 

0 

For  this  problem  there  are  given  two  ways  of  defining  and  computing  critical  frequencies  of  the  parametric 


resonance. 
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CONSERVED  QUANTITIES  AND  ONE-STEP  CORRECTIONS  METHOD 

FOR  DYNAMICAL  SYSTEM 

Shang  Mei*,  Chen  Xiangwei**  and  Mei  Fengxiang* 

*  Faculty  of  Science,  Beijing  Institute  of  Technology,  China 
**  Department  of  Physics,  Shangqiu  Teachers  College,  China 

It  is  known  that  not  all  integrations  can  be  carried  out  analytically,  and  numerical  methods  become  the  only 
way  to  solve  the  problem.  Dynamical  systems  are  usually  represented  as  a  set  of  first-order  equations.  Various 
computational  methods,  such  as  Euler’s  method,  Runge-Kutta  method  and  many  other  integration  algorithms, 
can  be  used  to  accomplish  the  numerical  integration  of  ordinary  differential  equations.  In  this  paper,  a  one-step 
method  for  conservative  quantities  is  introduced.  The  computational  method  is  taking  conservative  quantities 
of  dynamical  systems  as  checks  on  accuracy  at  end  of  each  time  step.  The  method  generalizes  the  previous  work 
and  one  example  is  analyzed  to  illustrate  the  method. 


LYAPOUNOV-SCHMIDT  METHODS  IN  BIFURCATION  THEORY 

AND  SOME  APPLICATIONS 

Trenogin  V.A.,  Sidorov  N.A.  and  Loginov  B.V. 

Moscow  State  Institute  of  Steel  and  Alloys,  Russia 
Irkutsk  State  University,  IDSTU  Sb.RAN,  Russia 
Ulyanovsk  State  Technical  University,  Russia 

Creation  and  investigation  of  nonlinear  parameter  dependent  functional  equations  in  mathematical  models  has 
various  applications  to  scientific  computing  in  many  areas  of  mathematical  simulation.  Contemporary  branching 
(bifurcation)  theory  is  one  of  the  most  important  aspects  in  applied  mathematics  intensively  developing  in  last 
fifty  years.  The  goals  of  this  theory  are  the  qualitative  theory  of  dynamical  systems,  analytical  and  numerical 
computation  of  their  solutions  under  absence  of  conditions  guaranteeing  the  uniqueness  of  the  solution. 

Applications  sphere  of  bifurcation  theory  and  Lyapounov-Schmidt  method  is  permanent  extending.  Besides 
their  traditional  applications  in  elasticity  theory  and  hydrodynamics  bifurcation  theory  methods  turn  out 
to  be  successful  in  the  investigation  of  specific  nonlinear  problems  of  phase  transitions  and  plasma  physics, 
mathematical  biology,  filtration  theory,  non-Newtonian  fluids  movement  theory. 

In  recent  years  the  Lyapounov-Schmidt  method  has  been  applied  in  combination  with  representation  and 
group  analysis  theories,  finite-dimensional  topological  and  variational  methods,  perturbation  methods  as  well 
as  the  regularization  theory.  Such  combined  methods  approaches  have  given  the  possibility  to  prove  the  most 
general  existence  theorems  of  bifurcating  solutions,  to  make  their  algorithmic  and  qualitative  analysis,  to  develop 
asymptotical  and  iterative  methods. 

This  report  presents  some  last  results  in  the  above  mentioned  areas  obtained  during  the  recent  fifteen  years. 
They  contain  the  corresponding  general  theories  of  operator  and  differential-operator  equations  in  Banach 
spaces  illustrating  by  various  applications  both  to  boundary  value  problems  for  partial  differential  equations, 
integral  and  integrodifferential  equations  and  their  examples  in  natural-scientific  disciplines  (hydrodynamics, 
phase  transitions  theory,  reaction-diffusion  equations,  plasma  theory  etc). 
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OB  YCTOnHHBOCTn  OyHKI^nOHAJlBHO-AHOOEPEHttnAJlBHOrO 
yPABHEHM  no  HACTH  nEPEMEHHBIX 

AH/jpeeB  A.C. 

yjibttHoecKuu  gocydapcmeeHHUu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  4)yHKu,iiOHajibHO-^ii4)4)epeHu,iiajibHoe  ypaBHeHiie  3ana3/i,biBaiomero  Tima 

x{t)  =  f(t,xt),  f(t,  0)  =  0,  (1) 

r,n,e  t  £  R,  x  €  Rn ,  /  :  R  x  r  — >  Rn,  r  C  C,  C  -  6aHaxoBO  npocTpaHCTBO  nenpepbiBHbix  (JjyHKpuii  ip  :  [— h,  0]  — » 
Rn  (h  >  0). 

ITpe^nojiaraeTCH,  hto  nepeMemraH  x  pa3^eJiHeTCH  x  =  ( y,z ),  y  £  Rm  (1  <  to  <  n)  c  HopMofi  \y\,  z  £ 
Rn—m  c  HOpMOg  |2|;  |x|  =  sup(|y|,  |z|).  CooTBeTCTBeHHO,  ip  =  (ip, 6),  HV’II  =  sup(|V’(s)|,  —  h  <  s  <  0),  ||0||  = 
sup(|6»(s)|,  —h  <  s  <  0),  |M|  =  sup(||V>||,  ||0||). 

Hccjie^yeTca  3a,n,aHa  06  ycTonmiBOCTH  HyjieBoro  pemeHiia  ypaBHemiH  (1)  no  nacTi-i  nepeMeHHbix  b  cootbct- 
CTBiiii  co  cjie,a,yK>m,HM  onpe^ejiemieM. 

Onpe^ejieHHe.  Pememie  x  =  0  ycTonniiBO  no  y,  ecjin  (Va  £  R+ )  (Ve  >  0)  (3d  =  S(e,  a)  >  0)  (V</?  :  H^ll  <  <5) 
(Vi  >  a)  \y(t,a,<p)\  <  e. 

B  ^OKjia^e  H3JiaraeTcn  npiiMeHeHiie  MeTO^a  cf>yHKii,HOHajiOB  n  cf)yHKii,HH  JlnnyHOBa  b  pemeHnn  nocTaBjieHHoii 
salami  [1],  ripn  stom  ,n,aeTCH  ,zi,ocTaTOHHO  nojmoe  o6ocHOBaHi-ie  pa3BiiTiiH  KjiaccnnecKnx  TeopeM,  flOKa3aHHbix 
ppm  3a^,ann  nojmon  ycToimiiBOCTH  OAV  H  salami  06  ycToimiiBOCTH  OTHOCiiTejibHO  nacTii  nepeMeHHbix  ppn 
®AX  A  TaKnce  npoBO,n,HTC5i  pasBimie  hobhx  mcto^ob  nccjie^OBaHHH  ycTonniiBOCTii  OA^  npHMeHHTejibHO  k 
^aHHon  3a,n,ane. 

PaboTa  BbinojmeHa  npn  cjniHaHCOBon  no,imep>KKe  POOH  (npoeKT  Ne05-0 1-00765)  n  b  paMKax  nporpaMMbi 
"rocya,apcTBeHHaH  no,a,^i,ep>KKa  Be^ymnx  HaynHbix  hikoji"  (HHI-6667. 2006.1). 

JlHTepaiypa 

[1]  AHflpeeB  A.C.  Yctohhhboctb  HeaBTOHOMHBix  OyHKpHOHajibHO-flHOOepeHaHajibHBix  ypaBHeHnii.  yjibnHOBCK:  Il3fl-BO 

Yury,  2005.  328  c. 


On  Stability  Problem  for  Functional-Differential  Equation  with  Respect  to 

Part  of  Variables 

Andreev  A.S. 

Ulianovsk  state  university,  Russia 

In  the  report  the  stability  problem  for  functional-differential  equations  is  considered.  The  problem  is  solved  by 
constructing  the  Liapunov  functions  and  functionals  and  by  use  of  limiting  equations  method.  New  results  on 
asymptotic  stability  with  respect  to  part  of  variables  are  obtained. 
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STABILITY  THEORY  AND  NONLINEAR  OSCILLATIONS 


K  IIPOBJTEME  OnTHMn3AD;nn  AJirOPHTMA  HCII0JIB30BAHH5I 

nPHMoro  meto^a  JianyHOBA  npn  hccjieaobahhh 

^HHAMHKH  IIHTEPBAJIBHO-HEOIIPE^EJIEHHBIX  CHCTEM 

AHTOHOBCKafl  O.P,  TopiOHOB  B.H. 

my  "HHM  npuKAadnou  MameMamuKU  u  KuSepnemuKU  HHTyH.  Hoeeopod,  Poccuh 

Il3BecTHO,  hto  npiiMeHeHiie  annapaTa  (J>yHKu,HH  JlanyHOBa  ($3)  HBjraeTCH  njio,n,OTBopHbiM  npn  pa3JiiiHHbix 
cjjopMyjuipoBKax  ajiropiiTMa  yneTa  iiHTepBajibHoii  iieonpe^ejienHOCTH  ^3 h h aM h ' i ec ko h  ciiCTeMbi  [1].  B  nacTHO- 
cth,  pent  momt  H/pru  o  KOHCTpyKTiiBHofi  MeTO^iiKe  npiiMeHemiH  KBa,npaTHHHbix  ®J1  ,h,jih  opeHiiBaHiiH  o6jia- 
CTeft  npiiTHxeHHH,  no3BOJunoiu,eii  efliiHOo6pa3HO  ymiTbiBaTb  ncxo,n,Hyio  no  nocTaHOBKe  3a,n,aHH  iiHTepBajibHyio 
Heonpe,n,ejieHHOCTb,  a  Taxace  norpenraocTb  Haxo5K,a,eHiiH  pememiii  ^ncjjcjDepeHpiiajibHbix  ypaBHemift  (cjjyHKHHH 
nocjie,a,OBaHHH  TonenHbix  OTo6pa»ceHHii)  [2,3],  b  ocHOBe  KOTopoii  jiokht  npon,e,nypa  opeHKii  MiimiMajibHO  ro- 
nycTHMoii  BejniHHHbi  nepBoii  npoii3BO,a,HOi"i  (nepBoii  pasHOCTii)  ® JI  na  ee  cenemiax  [4] . 

,Hjih  peajiH3an,HH  ajiropiiTMa  onTHMH3an,HH  no  MeTO,n,y  O.JI  n,ejiecoo6pa3HO  ncnojib30BaTb  .gOKaaaTejibCTBO 
Toro,  hto  pflu  cncTeMbi  jiHHenHbix  ^ncjDcjjepeHpHajibHbix  ypaBHeHnn  c  nocTOHHHbiMii  KOS^cjHinyieHTaMn  <Zjj 
( i,j  =  1, . . . ,  n)  n  kophhmh  Ai, . . . ,  Aj  cooTBeTCTByromero  xapaKTepncTHnecKoro  ypaBHeHnn  n  nojioJKHTejibHO 
onpe,n,ejieHHOH  KBa,npaTHHHOH  cJjopMbi  V(xi, . . .  ,xn)  MaKCHMajibHoe  3HaHeniie  nepBoii  npoii3BO,n,HOH  Ha  cene- 
hhh  V  =  Vo  He  MonceT  Ghtb  MeHbme  2  maxj=;in{i?eA,}Vo  [4].  B  cjiynae  .nyiCKpeTHbix  ^HHaMiinecKiix  CHCTeM  c 
onepaTopoM  b  cjropMe  TonenHoro  OTo6pa»ceHHH  c  kophhmh  Z\ , . . . ,  zn  cooTBeTCTByromero  xapaKTepucTiiHecKO- 
ro  ypaBHemiH  h  nojiouaiTejibHO  onpe^ejiennoH  KBa,npaTHHHOH  cjropMbi  V(x\, . . . ,  xn)  MaKCHMajibHoe  3HaHeiine 
nepBoii  pa3HOCTii  na  ceneHUH  V  =  Vq  ne  MoaceT  6biTb  MeHbme  max,;=;,n{|zi|2  —  1}Vq  [4]. 

Otmctiim,  hto  nojiyneHHbie  pe3yjibTaTbi  OTHOCiiTejibHO  nepBoii  npoii3BO,n,HOH  (pa3HOCTii)  0,14  ho3bojihk>t 
pemaTb  3a,n,aHy  nocTpoemiH  KBa,npaTHHHOH  ®J1,  rapaHTiipyromeii  MaKCiiMajibHyro  3HaKOOTpiiH,aTejibHyro  Bejni- 
HHHy  nepBoii  npoH3BO,n,HOH  (pa3HOCTii)  0,11  Ha  jho6om  ee  ceneHHH  KaK  3a^aHy  HaxojK^eHHH  ee  K03(f>4HiIlI'ieHTOB 
H3  ypaBHeHHH,  onpe,n,ejiHroin,Hx  MaKCHMajibHoe  3HaHeHiie  nepBoii  npoii3BO,n,HOH  (pasHOCTii)  0,11. 

JlmepaTypa 

[1]  O.T.  AHTOHOBCKaa,  B.H.  TopiOHOB.  K  onTHMH3an,HH  ajiropHTMa  Hcnojib30BaHHa  npHMoro  MeTOfla  JlanyHOBa  npn 
HeejieflOBaHHH  npopeccoB  b  HHTepBajibHO-HeonpeflejieHHbix  CHCTeMax  //  VIII  MejKflyHapoflHbiii  ceMHHap  "ycTOHHHBOCTB 
h  KOjie6aHHH  HejiHHeHHBix  CHCTeM  ynpaBjieHHH " :  Te3iicbi  ,n;oKjia,zi,OB.  M.,  2004.  C.  12-13. 

[2]  O.r.  AHTOHOBCKaa,  B.H.  Topkihob.  npaMoii  MeTOji,  JlanyHOBa  h  npo6jieMa  aHajiroa  Ha  9BM  flHHaMHKH  HHTepBajibHO 
-  HeonpeflejieHHbix  chctcm.  //V  MexcflyHapoflHBiH  ceMHHap  " ycTOHHHBOCTB  11  KOJiehaHHa  HejiHHeiiHbix  chctcm  ynpaB- 
jieHiia".  Te3HCbi  flOKjiaflOB.  MocKBa,  1998.  C.  56. 

[3]  O.r.  AHTOHOBCKaa,  B.H.  IopiOHOB.  MeTOflbi  aHajiroa  /(HHaMHKH  HHTepBajibHO-HeonpeflejieHHbix  chctcm  h  npo6jieMa 
OpeHKH  flOCTOBepHOCTH  pe3yjIbTaT0B  HCCJieflOBaHHa  KBa3HJIHHeHHbIX  CHCTeM  aCHMnTOTHHeCKHMH  MeTOflaMH  / /  VII  Me*- 
flyHapoflHbiii  ceMHHap  " ycTOHHHBOCTB  h  KOjie6aHHH  HejiHHeiiHbix  CHCTeM  ynpaBjieHHH1':  Te3HCbi  flOKjiaflOB  /  M.,  2002. 

C.  61-62. 

[4]  O.r.  AHTOHOBCKaa.  nocTpoemie  KBa/i;paTHHHbix  4>yHKn,HH  JlanyHOBa,  ya,OBjieTBopaiomHx  3aflaHHbiM  orpaHimeHiiaM, 
fljia  HenpepbiBHbix  h  flHCKpeTHbix  ^HHaMmecKHx  chctcm  //  H3b.  By30B:  MaTeMaTHKa.  JN"S  2(501).  2004.  C.  19-23. 


On  the  Problem  of  Algorithm  Optimization  for  Direct  Lyapunov  Method  Use 
while  Interval-indefinite  Systems  Dynamics  Study 
Antonovskaya  O.G.,  Goryunov  V.I. 

Research  Institute  for  Applied  Mathematics  and  Cybernetics  of  NNSU,  N.  Novgorod,  Russia 


The  way  of  quadratic  Lyapunov  function  construction,  which  guarantees  maximal  negative  value  of  first  de¬ 
rivative  (first  difference)  over  each  its  section,  is  proposed.  The  way  of  such  functions  use  for  the  problem  of 
attraction  region  evaluation  is  discussed. 
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HOPMAJIH3AU;H5I  CHCTEM  C  HEB03Mym;EHH0H  HACTblO 

(ax\  +  X1X2,  X1X2) 

BacoB  B.B. 

CaHKm.-IJemepdypzcKuu  socydapcmeennuu  ynueepcumem,  Poccuh 

PaccMOTpi-iM  ,n,ByMepHyio  aBTOHOMHyio  cucTeMy  c  napaMeTpoM  a 


x\  =  ax\  + X1X2+ Xi{x\,x2),  ±2  =  X\X2  + X2{xi,X2)  (0  <  |a|  <  1), 


(1) 


r,ge  Xi{x\,x2)  —  cjropMajibHbie  psmbi,  HauHHaioiuHecH  c  TpeTtero  nopa^Ka,  a  neBOSMyipennaH  uacra 
(a,  1,  0)(0, 1, 0)  —  o,n,Ha  H3  ceMHa,a,n,aTH  KaHOHiiuecKiix  cjropM,  k  KOTopbiM  jumeftHoft  neoco6oi"i  3aMeHOi"i  cbo- 
,h,htch  npoii3BOJibHoe  KBa,npaTHUHoe  npii6jin>Keiiiie  (a\,  b\,  Ci)(a2,  b2l  c2)  hcxo,h,hoh  ciiCTeMbi  (cm.  [1]). 

IlycTb  3aMeHa  xt  =  y{  +  hi(yi,y2),  b  KOTopoft  ht  =  X)^+q2=2  yf  yf ,  npeo6pa3yeT  cucTeMy  (1)  b 

cncTeMy 

yi=ayl  +  y1y2+Y1(yi1y2),  y2  =  VWi  +  Y2(yi,  y2),  (2) 


W  Yi  =  E:=2^+1)(!/i.!/2),  Yfp+1)  = 


2-jj= 0  1  i  .vi  i/2 


(* 


1,2). 


TeopeMa  1.  Cucme.ua  (2)  fiop.ua.abHO  OKeuBaAenmna  cucme.ue  (1),  ecAu  V  p  >  2  KOdfifiuyuenmu 
ydoe.aemeopAiom  pe3onaHCHUM  ypaenenusiM 


y(P+!) 

1  i 


Y,wt  _  s,(o,+„  _  ^  rz  '%MYiarH-i) = 


(3) 


u,  ecjiu  a  =  —k/l,  p  =  (k  +  l)n  +  2  (k,l,n  GN,  k  <  l),  mo  ypaenenwo 


Ep+l 

j=ln+ 3 


{vPi(a)Y^+1-^  +  ^(a)#p+1-j)) 


=  c, 


(4) 


zde  c  -  u3eecmHue  Koncmanmu,  a  Saa  ecex  MHoatcumeAeu  v(a)  no.ayueHu  npnMue  uau  peKyppenmnue  fiop- 
.uy.au  u  ycmaHoe.aeHO,  Kozda  vp/(a)  =  0. 

„  „  f  3,  ecjiu  p  =  2  hjih  a  =  —k/l.  p  =  (k  +  l)n  +  2; 

IIojiojkhm  n„  =  <  ’ 

;  I  2  -  b  npoTiiBHOM  cjiynae. 

TeopeMa  2.  Cucme.ua  (1)  <fiop.ua.abHO  3Keuea.aeHmHa  o6o6ui,eHHou  Hop.uaAbHOu  fiop.ue  (2),  e  Komopou 
Vp>  2  paenu  Hy.am  ece  Kosfifiuyuenmu  fiop.u  Y^p+1\  3a  ucKAKuenueM  .aw6ozo  na6opa  U3  rip  KosfifiuyueHmoe, 
omnocumeAbHo  Komopux  odH03Hau,HO  pa3pemu.uu  pe30HancHue  ypaenenuA  (3)  npu  n“  =  2  u.au  ypaenenuA 
(3),  (4)  npu  =  3. 

PaboTa  BbinojiHeHa  npu  cjniHaHCOBon  no^AepncKe  POOH,  rpaHT  05-01-01060. 

JlHTepaiypa 

[1]  BacoB  B.  B.,  Ckhtobhh  A.  B.  06o6in;eHHaa  HopMajibHas  4>°PMa  M  4)°PMajn>Haa  SKBHBajieHTHOCTb  flByMepHBix  cucTeM 
c  HyjieBBiMH  KBaflpaTHHHbiM  npn6jiH>KeHHeM,  I  //  ,nyi(f>4>epeHii,.  ypaBHeHna,  2003,  t.  39,  N  8,  c.  1016-1029. 


Normalization  of  a  System  Whose  Unperturbed  Part  is  (axf  +  X1X2,  x\x2) 

Basov  V.V. 

Saint  Petersburg  State  University,  Russia 

Formal  almost  identical  transformations  of  two-dimensional  systems  of  differential  equations  whose  unperturbed 
part  is  ( ax\  +  X\X2,  xix2)  and  perturbations  are  of  order  3,  are  investigated.  "Resonance  equations"  for  such 
systems  are  given.  With  help  of  them,  some  criteria  of  formal  equivalence  of  systems  and  all  structures  of 
generalized  normal  forms,  are  presented. 
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HHBAPHAHTHblE  TOPbl  nEPHO^HHECKHX  CHCTEM  C 
KOHCEPBATHBHOH  KYBHHECKOH  HEBOBMyTTTEHHOH  HACTblO 

Bh6hkob  KD.H.,  Bacos  B.B. 

CaHKm-IJemepUypscKuu  socydapcmeennuu  ynueepcumem,  Poccuh 

B  pa6oTe  1893  ropa  "HccjiepoBaHiie  opHoro  H3  oco6eHHbix  cjiynaeB  sapann  06  ycTOHHHBOCTH  ^bh>k6hhm  " 
A.  M.  JlanyHOB  nccjiepoBaji,  b  nacTHOCTii,  Bonpoc  06  ycToft'iHBOCTH  HyjieBoro  pememia  piKjxiiepeHpHajiBHoro 
ypaBHemiH 

x  +  x3  =  f(x,  x),  f  =  0(x4  +  x2  +  x2x).  (1) 

MeTopaMH,  i-im  npepjioaceHHBiMii,  mo*ho  nccjiepoBaTB  h  Bonpoc  o  6n(j)ypKan,HH  poacpeHHa  npepejiBHoro 
piiKjia,  ecjin  B03Myiu,eHiie  f  3aBHCHT  ot  Majioro  napaMeTpa  e  >  0.  Oco6eHHOCTBio  ypaBHemia  (1)  aBjiaeTca  to, 
hto  nacTOTa  HeB03Myin,eHHBix  KOJie6aHiin  ecTB  6ecKOHenHO  Majiaa  cjDyHKpna  hx  aMiuruTyphi. 

B  poxjiape  paccMaTpimaiOTca  nepnopiiHecKHe  hjih  KBasiinepiiopiiHecKHe  no  BpeMemi  B03MymeHiia  pByx  th- 
noB:  fliicciinaTHBHBie,  a  Taione  KOHcepBaTi-iBHBie  hjih  o6paTiiMBie.  IlepBBiM  cooTBeTCTByiOT  ajire6paiinecKiie  no 
TepMHHOJiorHH  A.  M.  JlanyHOBa  KpHTiinecKne  cjiynan,  nocjiepmiM  -  TpaHcpeppeHTHBie.  YKa3aHHBie  B03Myin,e- 
hhh  B03^,eiicTByi0T  Ha  ocpnjuiaTop  x+x3 +2ax2£+bx£ 2  =  0  hjih  KOHcepBaTi-iBHBie  cncTeMBi  £~l,X\  =  62X2  —  0,2X2, 
£~vX2  =  aiXi  —  bi x\  (<ii,bi  >  0)  c  v  =  0,1.  IIpi-i  stom  o6e  HeB03Myin,eHHBie  cncTeMBi  hbjihiotch  KanecTBenno 
hobbimii  no  cpaBHemno  c  ocpiijuiaTopaMii  o6T>eKTaMn  nsyneHiia,  Tax  xax  HMeiOT  9  Tonex  noxoa,  6  H3  xoTopnix 
He  jieacaT  Ha  och  abcpncc. 

IfejiBio  pa6oTBi  aBjiaeTca  nccjiepoBaHiie  ycTOiiHiiBOCTii  HyjieBoro  pemeHiia  h  6n(J)ypKaH,HH  poacpemia  iih- 
BapnaHTHBix  TopoB  -  HOCiiTejien  MHoronacTOTHBix  KOjie6aHiiii.  CncTeMBi  c  pncciinaTiiBHBiMii  B03Mynj,eHHHMH 
nccjiepyiOTCH  m 0/ pi (}:> h h h po Ba h h bi m h  MeropaMH  Teopnn  H.M.  KpBuiOBa  -  H.H.  Borojno6oBa,  c  xoHcepBaTiiBHBi- 
MH  H  o6paTHMBIMH  -  MeTOflaMH  KAM-TeopiiH. 

OcHOBHoe  BHHMaHHe  ypejiaeTca  nocTpoemno  b  hbhom  Biipe  h  nccjiepoBaHino  bncjiypxapHOHHBix  ypaBHemiii, 
ponycTiiMBie  pemeHiia  xoTopnix,  cjiaxTHHecxn,  sapaiOT  MecTonojioxcemie  h  pa3Mepbi  HHBapnaHTHBix  TopoB. 
nojiyneHHH  bncjiypxapHOHHBix  ypaBHeHHH  bbophtch  cnepnajiBHBie  HecuMMeTpiiHHBie  h  HeHopMiipoBaHHBie  no- 
jiapHBie  xooppimaTBi,  HBjiHiomnecH  cymecTBeHHMM  o6o6m,eHHeM  o6o6m,eHHBix  xocnHycoB  h  ciiHycoB  JlanyHOBa. 

PaSoTa  BBinojiHeHa  npn  (JaniaHCOBOii  no,zmep}xxe  POOH,  rpaHT  05-01-01060. 


Invariant  Tori  of  Periodic  Systems  with  Cubic  Unperturbed  Parts 

Bibikov  Y.N.,  Basov  V.V. 

Saint  Petersburg  State  University,  Russia 

Investigations  by  A.  M.  Liapunov  of  autonomous  perturbations  of  non-linear  centers  are  continued  and  genera¬ 
lized  to  cases  of  periodic  and  quasiperiodic  perturbations. 


IIOCTPOEHHE  OYHKIIHH  JI5fflyHOBA  RJISL  HCCJIE^OBAHHH 
AHCKPETHbIX  CHCTEM  C  nEPHO^HHECKHMH  K03®®HIJ;HEHTAMH 

Bo6u,ob  A. A.,  Bbictpob  C.B.,  TpHropneB  B.B.,  MoTBiJiBKOBa  M.M. 

CaHKm-IIemepUypecKuu  docydapcmeemiuu  ynueepcumem  uncfiopMayuonnux  mexnoAoeuu 

MexanuKU  u  onmunu,  Poccua 

Bo3pocmne  TpeboBamia  k  yjiynmemno  KanecTBeHHBix  xapaKTepncTiiK  cncTeM  aBTOMaTiinecKoro  ynpaBjieHiia 
npiiBopaT  pa3pa6oTniiKOB  k  Heobxo^HMOCTH  6ojiee  tohhoto  om-icam-ia  ncxopHoro  o6T>eKTa,  a  Taxace  caMOii  ch- 
CTeMBi  aBTOMaTiinecKoro  ynpaBjiemia.  npn  stom  pa3pa6oTnnKn  nacTO  CTajiKi-iBaiOTCH  c  cnTyapnen,  hto  paccMaT- 
puBaeMaa  cncTeMa  aBjiaeTca  HecTapnoHapHon.  CyipecTByromiin  m aTeM aTHuecxHH  annapaT  pjia  nccjiepoBaHiia 
HecTapnoHapHBix  cncTeM  b  pape  cjiynaeB  He  pocTaToneH  pjia  pemeHiia  npaxTHnecxnx  3apan. 

K  npiiMepy,  c  yBejinneHiieM  Tpe6oBaHHii  k  tohhocth  HSMepeHua  yrjiOBBix  xooppimaT  pBiiacymnxca  o6t>- 
exTOB  b  HMnyjiBCHOH  jioxapmi  B03HiiKaeT  npobjieMa  o6ecneneHiia  bbicokoto  xanecTBa  npopeccoB  b  cjiepaipnx 
yrjiOMepHBix  cncTeMax.  B  peaciiMe  3axBaTa  cjieparpaa  cncTeMa  no  yrjiaM  MecTa  n  asiiMyi’a  pojiacHa  o6ecneniiTB 
3apaHHoe  BpeMa  nepexopHoro  npopecca  c  MiiHiiMajiBHBiM  nepeperyjinpoBaHneM,  a  b  peaaiMe  conpoBoacpeHiia 
pejiii  -  HapeacHoe,  6e3  cpbibob,  cjieacenne  c  m h h h m a j i b h bi m h  omn6KaMH.  Opm-iM  H3  HanpaBjieHnii  o6ecneneHiia 
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BbicoKoro  KanecTBa  b  cjie^amiix  jiOKaTopax  c  KOHiiuecKHM  CKamipoBaHi-ieM  HBjiaeTCH  yueT  npoqeccoB,  nponcxo- 
/pnnHx  BHyTpn  nocBijiOK  o6jiyuaioiii,Hx  HMnyjiBCOB,  hto  oco6eHHO  aKTyajiBHO  pjm  ciiCTeM  c  pe^KHMH  nocBijiKaMi-i 
3a  nepnofl  CKaHiipoBamiH.  MaTeMaTHuecKaa  MO^ejiB  yrjiOMepHoii  ciiCTeMBi  b  stom  cjiyuae  cbo^iitch  k  ciiCTeMe 
pa3HOCTHBix  MaTpi-iHHBix  ypaBHernm  c  nepucypi'iecKH  H3MeHsnom,HMHCH  ko3(]:kJ3 h  uuem’aMH . 

I^ejiBK)  pa6oTBi  HBjiaeTCH  m 0^3  h  c|')  h  ku  u  h  m  npope^yp  aHajiii3a  h  ciiHTe3a,  ncnojiB3yeMBix  npii  HCCjre^OBaHHH 
,a,HCKpeTHBix  jiHHeHHwx  CTapiiOHapHBix  ciiCTeM,  rjir  hx  nocjie^yiomero  iicnojiB30BaHHH  b  npope^ypax  aHajni3a  h 
ciiHTe3a  jniHeiiHBix  HecTauyiOHapHBix  .giiCKpeTHBix  CiiCTeM  c  nepiio,n,HHecKH  h 3 m e h m  ro iuh m h c h  ko 9 (]:> cj) h n h e h rra m h . 
nojiyuemie  ,n,0CTaT0HHBix  ycjiOBHft  SKcnoHeHipiajiBHOH  ycTOHHHBOCTH  pjm  ,n,HCKpeTHBix  ci-ictcm  c  nepiio^iiHecKi-i 

H  3  M  e  H  M  K)  I UH  M  H  CM  K09  (jxji  H I U1 6  H  TU  M II . 

IIpefljiaraeTCH  MeTqn,  aHajiii3a  KauecTBa  npoqeccoB  b  ^piCKpeTHBix  cucTeMax  c  nepucytH'iecKH  H3MeHHio- 
iuhmhch  ko 9 (]) (]:> h p n e h rra m h  Ha  ocHOBe  MO/tHcjiHKanHH  MeTO,a,a  BBmejieHiia  nepexo,n,HOH  h  ycTaHOBHBineiicH  co- 
CTaBjijnom,iix  npopeccoB.  IIojiyHeHBi  .gocTaTOHHBie  HHTerpajiBHBie  ycjiOBHH  SKcnoHeHipiajiBHOH  ycToihiHBOCTH 
^.HCKpeTHBix  CHCTeM  c  nepiio,a,HHecKH  h  3  m  e  h  u  10 1  u  h m h  c  h  KoacjxjHmHeHTaMH  uepe3  iiHTepBaji  nepno.n.HHHOCTH . 

npe^jioxeH  MO^iicjjimiipoBaHHBiii  mcto^i,  MO,a,ajiBHoro  ynpaBjiemiH  pjisi  ciiHTe3a  peryjiHTopoB  ^HCKpeTHBix 
ciiCTeM  c  nepiio,H,HHecKH  h 3 m e h m  ro m,H m  h c h  ko 9 cj) (})  h  n  h  e  hte m  h  .  Ha  ocHOBe  npe^jioxeHHBix  MO/p-icjjHKanHH  mcto^ob 
criHTe3a  nojiyHeHBi  ajiropiiTMBi  ciiHTe3a  peryjiHTopoB  ^jih  ^.iiCKpeTHBix  CiiCTeM  c  nepno^HHecKH  H3MeHjnoin,HMH- 
ch  ko 9 cj) (}:> h n h e h rra m h .  Tanxce  6bijio  nojiyueHO  MO^HcjumiipoBaHHoe  ypaBHemie  Tima  JlanyHOBa,  KaK  KpHTepnit 
3KCnOHeHU,I-iajIBHOH  yCTOHHHBOCTH  ,3,1-ICKpeTHBIX  CHCTeM  C  nepiIO,H,HHeCKH  H3MeH5HOHI,HMHCH  K03(J)4)HH,HeHTaMH. 
Pa3pa6oTaHa  m 0/ h Ka h h h  MeTO,n,a  MO,a,ajiBHoro  ynpaBjieHira  ^jih  ciiHTe3a  peryjiHTopoB  ^HCKpeTHBix  chctcm  c 
nepno,H,HHecKH  hsmchm  khuhm  hch  KOsejxjnmHeHTaMH. 

SHaneHne  nojiyueHHBix  pe3yjiBTaTOB  ,h,jih  Teopini  3aKjiK)HaeTCH  b  pa3BHTHH  mcto^ob  aHajni3a  h  ciiHTe3a 
JIHHeHHBIX  CTapHOHapHBIX  ,H,HCKpeTHBIX  CHCTeM  ^JIH  IICCJie^OBaHHH  JII-IHeHHBIX  HeCTapi-IOHapHBIX  ,H,HCKpeTHBIX 
CHCTeM  c  nepiio^HHecKH  h  3  m  e  h  mo  1  uh  m  h  cu  ko 9 cj) cj) h  u  h  e  h  rra  m  h  .  3HaueHiie  nojiyueHHBix  pe3yjiBTaTOB  rjisi  npax- 
thkh  3aKjiK>HaeTCH  b  pa3pa6oTKe  ajiropiiTMimecKoro  h  nporpaMMHoro  odecneueHiiH  rjik  CHHTe3a  peryjiHTopoB 
^.HCKpeTHBIX  CHCTeM  C  nepiIO,H,HHeCKH  II3MeH5HOHI,HMHCH  K03cjDcj3HH,HeHTaMH,  £L  THKHCe  B  pa3pa6oTKe  TeXHOJIOrilH 
npoeKTiipoBaHHH  peryjiHTopoB  ,h,jih  cjie^meii  jiOKapiiOHHOH  CTaHipiH  co  CKam-ipoBaHi-ieM. 


Construction  of  Lyapunov  Functions  for  Research  of  Discrete  Systems 

with  Periodic  Factors 

Bobtsov  A. A.,  Bystrov  S.V.,  Grigorev  V.V.,  Motylkova  M.M. 

The  St. -Petersburg  State  University  of  Information  Technologies  of  Mechanics  and  Optics,  Russia 

The  increased  requirements  to  improvement  of  qualitative  characteristics  of  systems  of  automatic  control  lead 
developers  to  necessity  of  more  exact  description  of  initial  object,  and  also  the  system  of  automatic  control.  Thus 
developers  often  collide  with  a  situation,  that  the  considered  system  is  time- varying.  The  existing  mathematical 
device  for  research  of  time- varying  systems  in  some  cases  is  not  sufficient  for  the  decision  of  practical  problems. 

For  example,  with  increase  in  requirements  to  accuracy  of  measurement  of  angular  coordinates  of  moving 
objects  in  a  pulse  location  there  is  a  problem  of  maintenance  of  high  quality  of  processes  in  systems  of  goniometric 
tracking.  In  a  mode  of  capture  the  tracking  system  on  corners  of  a  place  and  an  azimuth  should  provide  set 
time  of  transient  with  minimal  overshoot,  and  in  a  mode  of  support  of  the  purpose  reliable,  without  failures, 
tracking  with  the  minimal  mistakes.  One  of  directions  of  maintenance  of  high  quality  in  tracking  locators  with 
conic  scanning  is  the  account  of  the  processes  occurring  inside  parcels  of  irradiating  impulses  that  is  especially 
actual  for  systems  with  rare  parcels  for  the  period  of  scanning.  The  mathematical  model  of  goniometric  system 
in  this  case  is  reduced  to  system  difference  matrix  equations  with  periodically  changing  factors. 

The  purpose  of  work  is  updating  of  procedures  of  the  analysis  and  the  synthesis  used  at  research  of 
discrete  linear  stationary  systems,  for  their  subsequent  use  in  procedures  of  the  analysis  and  synthesis  of  linear 
time-varying  discrete  systems  with  periodically  changing  factors.  Reception  of  sufficient  conditions  exponential 
stability  for  discrete  systems  with  periodically  changing  factors. 
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STABILITY  THEORY  AND  NONLINEAR  OSCILLATIONS 


PA3BHTHE  IIPHMOrO  METO^A  JlfflyHOBA  AM  HEJIHHEHHbIX 
HEABTOHOMHbIX  ^HCKPETHblX  yPABHEHHH  C  EECKOHEHHbIM 

nOCJIEAEHCTBHEM 

Bor^aHOB  A.KD. 

yjibHnoecKuu  gocydapcmeemiuu  ynueepcumem,  Poccuh 

Bo  MHorax  npnxjiapHbix  3apauax,  npii  mo; te  j  i  h  p  o  be  h  h  h  npopeccoB  pricxpeTHO-BpeMeHHbiMii  CHCTeMaMH,  bo3- 
HiiKaeT  Heo6xopiiMOCTb  yueTa  3aBHCHMOCTH  Texyrpero  coctohhiih  He  CTaHpapTHO  ot  cjjiiKCiipoBaHHoro  Hi-icjia 
npepmecTByioiii,Hx  coctohhhh,  a  ot  Been  npepbiCTopiin.  Heo6xopiiMO  OTMeTiiTb  cymecTBeHHyio  pasm-my  Me>x- 
py  pricxpeTHbiM  ypaBHemieM  c  6ecKOHeHHbiM  nocjiepeiiCTBiieM  h  pricxpeTHbiM  ypaBHemieM  c  cjjiiKCiipoBaHHbiM 
KOHenHbiM  3ana3,a,biBaHHeM.  nocjiepHee  Bcerpa  MOixeT  6biTb  CBepeHO  k  cucTeMe  opHoniaroBbix  pricxpeTHbix  npo- 
peccoB  cj^iiKcripoBaHHOH  pa3MepHOCTii,  hto  no3BOJiaeT  ccjropMyjinpoBaTb  obipue  TeopeMbi  b  TepMimax  cyrpecTBO- 
BaHiia  (jjyHKHHH  JInnyHOBa  h  nojiymiTb  KOHKpeTHbie  ycjiOBiia  ycToiiHHBOCTH.  HeB03MO>xHOCTb  Taxon  pepyxpiin 
pjra  pncxpeTHbix  ypaBHeHiiii  BojibTeppa  h  6ojiee  cjiwxhhx  ypaBHemiii  npiiBopiiT  b  paHHOM  iiccjiepoBaHiin  x 
cjjopMyjiiipoBxaM  obipiix  TeopeM  06  ycToiiHHBOCTH  b  TepMimax  cymecTBOBamin  nopxopjnpux  cfjyHxpiiOHajiOB, 
onpepejieHHbix  Ha  peniemrax  paccMaTpimaeMbix  ypaBHeHiiii  h  3aBiicjnii,Hx  ot  Bceii  npepbiCTopiin  (nopxop  H.H. 
KpacoBCxoro,1956),  hjih  <J>yHxii,HH  JlanyHOBa  V  h  BcnoMoraTejibHoro  cfjyHxpiiOHajia  W  (nopxop  B.C.  Pa3yMii- 
xHHa,  1956). 

IlycTb  B—  peiicTBHTejibHoe  BexTopHoe  npocTpaHCTBO  pncxpeTHbix  cjiyHxpHH  {ip}.  OTo6pa>xaioiii,Hx  Z_  b  ]Rm. 
IlycTb  b  B  onpepejieHa  HopMa  ||  •  ||b  Taxan,  hto  jiimeimoe  HopMiipoBaHHoe  npocTpaHCTBO  ( B ,  ||  •  ||b)  HBjiHeTCH 
nojiHbiM  npocTpaHCTBOM  "c  HCHe3aioiii,eH  naMHTbio".  A-113  pncxpeTHoft  cfjyHxpiiii  x  :  Z  — >  Rm,  onpepejniM 
cjDyHxpuio  xn  :  Tr  — »  Km  pjra  npoii3BOJibHoro  cjuixciipoBaHHoro  n  £  Z  no  cjjopMyjie  xn(k)  =  x(n  +  k),  k  <  0. 
PaccMOTpiiM  CHCTeMy  HejniHeiiHbix  neaBTOHOMHbix  ypaBHeHiiii  c  6ecxoHenHbiM  3ana3pbiBamieM 

x(n  +  1)  =  f(n,xn),  f(n,  0)  =  0,  (1) 

rpe  /(n,  ip)  :  Z+  x  Bh  — >  Rm  ecTb  HenpepbiBHoe  no  ip  npn  xaixpoM  n  £  Z+  OTo6pajxeHiie,  orpaHHneHHoe  Ha 
Z+  x  D ,  rpe  D  =  Bh,  |/(n,  <p)\  <  m(h)  pjra  Bcex  (n,ip)  £  Z+  x  Bh,  0  <  h  <  H.  IlpepnojioJXHM  Taxixe,  hto 
f(n,  xn)  ypoBjieTBopjieT  ycjiOBiiHM  npepxoMnaxTHOCTii. 

Ha  ocHOBe  nopxopoB  Pa3yMi-ixiiHa  h  KpacoBexoro,  npiiBjiexasi  MeTop  npepejibHbix  ypaBHeHiiii,  nojiyneH  pap 
TeopeM  06  acHMnTOTHHecxoii  ycToiiHHBOCTH  h  HeycTOimiiBOCTii  HyjieBoro  peniemiH  ypaBHemra  (1),  npii  stom  po- 
nycxaeTca  ncnojib30BaHHe  3Haxonojio>xHTejibHbix  cjDyHxpiiOHajiOB  JInnyHOBa,  hbs  nepBaa  pa3HOCTb  b  cnjiy  (1) 
jiiiHib  3HaxooTpim,aTejibHa.  3aMeTi-iM,  hto  MeTop  (fjyHxpiiOHajiOB  JInnyHOBa-KpacoBCxoro  aBjiaeTca  b  HexoTopoM 
CMbicjie  6ojiee  ecTecTBeHHbiM  pjra  ypaBHeHiia  (1),  opHaxo  b  npiijioJxemiHx  oh  iraorpa  oxa3biBaeTca  neo6ocHOBaH- 
ho  cjiojxhbim  no  cpaBHeHiiio  c  MeTopoM  .HanyHOBa-PasyMHXHHa.  MHonie  H3  npepjioixeHHbix  paHee  b  jiiiTepaType 
cnoco6oB  npepcTaBjiaiOT  co6oii  nacTHbie  cjiynan  H3Jio>xeHHoro  3peci>  nopxopa,  rpe  npepjiaraiOTca  pa3jiiiHHbie 
BapnaHTbi  xoHxpeTHbix  cjjyHxpiiOHajiOB  W,  3aBHcam,iix  ot  (JjyHxpHH  .IlanyHOBa  V,  nanpiiMep,  aHajioniHHbix 
cjDyHxpiiOHajiy  W  =  max_i<Ko^(>i+  k,ip(k)),  ncnojib3yeMOMy  pjia  ypaBHeHiiii  c  orpaHiiHemibiM  3ana3pbi- 
BaHiieM,  hjih  Blip  W  onpepejiaeTca  Bbi6opoM  cjiasoBoro  npocTpaHCTBa.  PaccMaTpiiBaa  napy:  cjDyHxpua  .Ilany- 
HOBa  h  (JjyHxpiiOHaji,  mbi  pjia  cjiyHxpiin  BbinucjiaeM  nepByio  pa3HOCTb  b  ciuiy  ypaBHeHiia,  a  npii  nocTpoeHiin 
W  ymiTbiBaeM  oco6eHHOCTii  (J)a30Boro  npocTpaHCTBa.  B  stom  CMbicjie  ncnojib30BaHiie  napm  (V,  W)  aBjiaeTca 
ecTecTBeHHbiM  o6o6m,eHiieM  MeTopa  cjjyHxpuii  .JlanyHOBa  Ha  cjiynaii  piicxpeTHbix  ypaBHeHiiii  c  6ecxoHeHHbiM 
noc  jiepeiiCTBiieM . 

Pa6oTa  BbinojiHeHa  npii  noppepixxe  POOH,  npoexT  05-01-00765a. 


The  Extension  of  Direct  Lyapunov  Method  for  Nonlinear  Nonautonomous 
Discrete  Equations  with  Unbounded  Aftereffect 
Bogdanov  A. Yu. 

Ulyanovsk  State  University ,  Russia 

Some  new  results  on  asymptotic  stability  and  instability  of  zero  solution  are  obtained  for  a  wide  class  of 
nonlinear  nonautonomous  discrete  equations  with  unbounded  aftereffect.  Author  elaborates  the  theoretical  part 
on  the  basis  of  Razumikhin  and  Krasovsky  approaches  using  limiting  equations  techniques  and  "fading  memory" 
spaces.  The  different  types  of  asymptotic  stability  can  be  established  by  semidefinite  Lyapunov  functionals  with 
semidefinite  first  difference.  Several  examples  which  illustrate  the  proven  sufficient  conditions  of  asymptotic 
stability  are  presented. 
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KOHBEPrEHTHOCTb  H  AECOJ1IOTHA5I  YCTOHHHBOCTb  CHCTEM 
C  MOHOTOHHbIMH  HEJIHHEElHOCTHMn 

BypKHH  H.M. 

TyAbCKuii  docydapcmeennuu  ynueepcumem,  Poccuh 


PaccMOTpiiM  HejiiiHeimyio  cncTeMy 

x ^  +  a\(t)x^n~1'>  +  A  +  an(t)x  =  ip(t,  a), 
a  =  ci  (t)x  +  Ci(t)xl  +  A  + 


(1) 


3^ecb  a,i(t)  h  Ci(t)  —  orpaHiiueiiiiBie  na  (—00,00)  HenpepBiBHBie  </)y h  k  u  h  n ,  <p(t,a )  -  HenpepBiBHan  no  f  h 
HenpepBiBHO  ^iKjxJjepeHpiipyeMaH  no  a  cjryHKiijisi,  yn,OBjieTBopsnoin,aji  ycjiOBiiHM 


dp{t,a) 

da 


<  1, 


a  £  (—00,  00), 


7  >  0. 


(2) 


IlycTB  Ai,  A,  A„_i  -  HeKOTopBie  nncjia,  p(t,  A)  =  Xn  +  ai(t)Xn  1  +A  +  a„(f).  BBe,n,eM  o6o3HaueHiiH:  A 0(f,  Ai)  = 
p(t,  X 1),  Aj(i,  Ai,  AT,  Ai+i)  =  [Aj_i(f,  Ai,  A',  Ai)  —  Aj_i(t,  A2,  K,  Aj+i)](Ai  —  Ai+i)^1,  i  =  l,n  —  2,  pi(A)  =  1, 

j=k 

Pk  (A)  =  J|(A  -  A  j)  =  \k~x  +  afe;fc_iAfc_2  +  A  +  aM,  k  =  2,K  n.,  c(f)  =  cof(ci(f),  K,cn(t)). 
i= 1 

riocTporiM  n  x  n-MaTpnn,y  W  =  (■ uy,- ),  iyje  u',;7  =  0  npn  i  <  j,  w.ij  =  1  npn  i  =  j,  Wij  =  a,,-  npn  i  >  j. 
TeopeMa  1.  IlycTB  BBinojmeHBi  ycnoBiisi:  Aj(f,  Ai,  A",  Ai+i)  <  0,  (*  =  0,  n  —  2)  npn  t  £  (—00, 00),  Bee  KOMno- 
HeHTBi  BeKTopa  (W~1)Tc(t)  HeoTpim,aTejiBHBi  npn  t  £  (— 00,  00),  <p(t,  0)  7^  0,  inf  an(t)  >  0,  inf  an(t)— 

iG(— 00,00)  tG  (—00,00) 

7  sup  Ci(f)  >  0.  Toiyja  cncTeMa  (1)  i-iMeeT  e,n,HHCTBeHHoe  orpaHnneriHoe  Ha  (—00,00)  pernem-ie,  KOTopoe 

/G  (—00,00) 

3KcnoHeHn,najiBHO  ycTonui-iBO  b  pejiOM.  Ecjih  y>(f,  0)  =  0,  to  TpiiBiiajiBHoe  pernem-ie  cncTeMBi  (1)  a6cojnoTHO 
ycToiinHBO  b  Kjiacce  Hejii-iHenHOCTen  (2). 

JpJISl  CI-ICTeMBI 

^  =  Ax  +  bp(t,a)  +  f(t),  a  =  cTx,  (3) 


r,n,e  A—nxn  nocTOHHHasi  MaTpiipa,  b  n  c—  n  —  BeKTopbi,  <p(t,  a)  —  cnanapHaa  HenpepniBHaa  no  t  n  HenpepBiBHO 
,a,H4)4)epeHn,HpyeMaa  no  a  4>yHKn,na,  ynpBjieTBopHiomaH  ycjiOBiiHM  (2),  /(f)  HenpepniBHaa  BeKTop-cjryHKnyni, 

y7,OBaeTBopaioni,aa  ycjiOBi-no  sup  |/(f)|  <  00,  nojiyueHBi  cjie,nyiomHe  pe3yjiBTaTBi. 

£G  ( — 00,00) 

06o3HauiiM  nepe3  x{p)  =  cT (A—pI)~1b  =  m(p)[n(p)}~1 ,  rpp  p  —  KOMnaeKCHaa  nepeMeHHaa,  nepe^aTOUHyro 
(]jyHKUHfO  JIHHeHHOH  HaCTI-I  CI-ICTeMBI  (3). 

TeopeMa  2.  IlycTB  Bee  Hymi  nojnmoMa  n{p)  i-iMeiOT  OTpim,aTejiBHBie  BemecTBeHHBie  uacTi-i  n  cyrpecTByeT 
Tanoe  hi-icjio  A  >  0,  uto:  1)  07 hh  HyjiB  nojnmoMa  n(p  —  A)  nojiona-iTejieH,  a  ocTajiBHBie  i-iMeiOT  OTpim,aTejiBHBie 
BemecTBeHHBie  nacTi-i;  2)  npn  Bcex  w  >  0  BBinojmeHBi  HepaBeHCTBa  Rex(*w  —  A)  >  0,  lim  w2 Rex(zo>  —  A)  >  0; 


3)  lim  pxip)  =  — cTb  <  0;  4)  0  <  < p(t,a)a  npn  a  £  (—00,00);  7  <  — x(0)  1.  Toiyi,a  cncTeMa  (3)  aBaaeTca 

p—>  OO 

KOHBeprCHTHOH . 

TeopeMa  3.  IlycTB  BBinoaHeHBi  npe^noaoncemia  l)-3)  TeopeMBi  2,  a  ycaom-ia  (2)  Ha  HeanHeiiHOCTB  p(t,  a) 

dip(t  o’) 

3aMeHeHBi  Ha  cneTyromi-ie:  0  <  p(t,a)a  <  (— x(0)_1  —  i5)cr2,  0  <  — 7-— —  npn  a  £  (—00,00),  r^e  <5  >  0 

ua 

aio6oe  ckohb  yro,a,HO  Manoe  nncao.  Tor7,a  cncTeMa  (3)  c  /(f)  =  0  a6coaiOTHO  ycTOimi-iBa  b  ynasaHHOM  Kaacce 
iieaHHeiiHOCTeii . 


Convergence  and  Absolute  Stability  of  Systems  with  Monotonous  Nonlinearities 

Burkin  I.M. 

Tula  State  University,  Russia 

This  paper  examines  the  nonlinear  control  systems  with  stationary  or  time-dependent  linear  parts  and  mono¬ 
tonous  nonlinearities.  New  criteria  of  convergence  and  absolute  stability  are  obtained. 
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ABTOMATHHECKA5I  BAJTAHCHPOBKA  HEYPABHOBEIIIEHHOrO 
POTOPA  C  YHETOM  rHPOCKOIIHHECKOrO  3®OEKTA 

Bbikob  BT. 

CaHKm- I7emep6yp3CKUu  socydapcmeenHuu  ynueepcumem,  Poccusi 

PaccMaTpiiBaeTCH  CTaTiiuecKii  neypaBHOBemeHHbiii  Hec h m Merrp h  '  i  h  bi  h  poTop,  ocHam,eiiHBii“i  mapiiKOBBiM  aBTo6a- 
jiaHCiipoBOHHBiM  MexaHH3MOM.  IIocTpoeHa  MaTeMaTiinecKaH  MO^ejiB,  ymiTBiBaiomaii  yrjiOByio  npepecci-uo  poTO- 
pa  h  CBH3aHHBii"i  c  3thm  riipocKonnuecKiiii  scJxJjeKT.  IIojiyHeHBi  aHajiiiTHHecKiie  (JjopMyjiBi,  BBipa»caiomiie  ycjio- 
biih  cymecTBOBaHi-iH  h  ycTOHUHBOCTH  c6ajiaHCiipoBaHHoro  h  nec6ajiaHcnpoBaHHoro  CTapiiOHapHBix  pexaiMOB 
flBHJKeHHH  poTopa.  C  i-icnojiB30BaHi-ieM  KpiiTepiin  MuxaiijiOBa  nocTpoeHBi  ,n,ByxnapaMeTpi-iHecKi-ie  ^narpaMMBi 
ycTOHHHBOCTii.  Hccjie,n,OBaHBi  necTapiiOHapHBie  pexa-iMBi  ^bh>kchhh  npii  nepexo,a,e  uepe3  KpimiuecKyio  cko- 
pocTB,  cooTBeTCTByromiie  Bpamemno  poTopa  c  iioctohhhbim  yrjiOBBiM  ycKopemieM  h  npii  3a,a,aHHOM  3HaueHiin 
Bpam,aTejiBHoro  MOMeHTa. 


Automatic  Balancing  of  the  Imbalanced  Rotor  with  the  Gyroscopic  Effect 

Bykov  V.G. 

Saint-Petersburg  State  University,  Russia 

The  static  unbalanced  nonsymmetric  rotor  equipped  with  the  ball  automatic  balancing  device  is  concerned. 
The  equations  of  motion  are  derived  with  consider  of  the  angle  precession  and  gyroscopic  effect.  We  obtained 
the  conditions  of  existence  and  stability  of  stationary  balanced  and  non-balanced  modes.  The  two-parameter 
diagrams  of  stability  are  designed  using  Mikhajlov’s  criterion.  The  non-stationary  response  of  the  rotor  passing 
through  the  critical  speed  with  the  constant  angular  acceleration  and  with  the  given  torque  are  investigated. 


TEOPHX  yCTOM’-IMBOCTM  14  HEJIHHEHHblE  KOJIEEAHHR 
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AOCTATOHHblE  yCJTOBM  yCTOHHHBOCTH  TPHBHAJIbHOrO 
CTAu;noHAPHoro  coctohhhh  rnBPHAHoro  abtomata 


Bbihkob  A.C.,  MepKypt.es  MI. 

KueecKuu  nayuonaAbHuu  ynueepcumem  uMenu  T.  UleenenKO,  Ynpauna 


r h6>ph^hoh  CHCTeMoft  HasBiBaeTCH  xopTe>x  H  =  ( Q ,  X,  F.  Init,  Inv,  Jump),  iyje  Q  =  {1, . . . ,  N}  -  MHO>xecTBO 
coctohhiih,  X  =  {xi,  —  MHO»cecTBO  HenpepbiBHBix  nepeMeHHBix,  F:  Q  x  Rn  — >  FLn  —  npaBaa  nacTB, 

Inv  C  Q  x  Rn  —  MHOxecTBO,  na  kotopom  cocTOHHiie  ne  MeHaeTCH,  Init  C  Inv  —  mhcokbctbo  nanajiBHBix 
ycjiOBiiii,  Jump:  Q  x  Rn  — >  (3{Q  x  Rn)  —  ycjiOBiie  cmbhbi  coctohhiih. 

Yctohhhboctb  aBTOHOMHoii  rn6pn^H0H  ciiCTeMBi  c  HenpepbiBHBiM  ipixjiHHecxHM  nepexjnoHeHiieM.  IlycTB 
Jump{i,x)  =  0  V  {(imodlV)  +  l,x}.  IlycTB  Ha  Tmij  =  {x:  ( i,x )  €  Inv},  i  —  l,N  3a,n,aHBi  (f>yHxnnn  JLmyHOBa 
Vi-  Ctpohm  Taxyio  nocjie,n,OBaTejiBHOCTB  pjm  i  =  0,N: 


c°  G  (0,(7),  c1  = 


sup  V2(x1),c2  =  sup  V3(x2),..., 

V  1 1 — *2  £2|2— *3 

V1(x1)=c°  V2(x2)=c1 


cN  =  sup  V\xN ) 

XN\N^! 

VN(xN)=cN~1 

TeopeMa  1.  IlycTB  rn6pn^HaH  cucTeMa  H  iiMeeT  TpiiBiiajiBHoe  CTapnoHapHoe  cocTOHHiie  x  =  0,  h  ,zyiH  nee 
\Q\  <  oo,  Jump(i,x)  =  0  V  {(i  mod  IV)  +  l,x}.  Tax>xe  nycTB  3a,n,aHa  okpgcthoctb  Hauajia  xoop/piHaT  D  C  X. 

dV^  (x') 

Ecjih  ,h,jih  H  cyipecTByeT  Ha6op  cjiyHKUHH  .JlanyHOBa  V(i,x):  Q  x  D  —>  R  Taxoft,  hto  — - - fXxit))  <  0  ,zyi h 

_  '  ‘  _  ax 

Bcex  x  e  Bn  InVi,  i  =  1,  IV  h  ,h,jih  jiio6oh  nocjie,n,OBaTejiBHOCTH  {c1},  i  =  0,  N,  xoTopaH  HaHimaeTCH  c  nepBoro 
COCTOHHIIH,  BBinOJIHHeTCH  CN  <  C° ,  TO  X  =  0  —  yCTOHHIIBOe  TpiiBiiajiBHoe  CTapi-IOHapHOe  COCTOHHIie  rndpH^HOH 
CIICTeMBI  H . 

PaccMOTpiiM  ycTOHHHBOCTB  aBTOHOMHoii  l  uftpu^HOH  CiiCTeMBi  c  u,HKjiHuecKHM  HMuyjihCHHM  nepeXJIIOHeHHeM . 
IlycTB  Jump{i,x)  =  0  V  {(imodlV)  +  1  ,q{x)}  h  Ha  Invi,  i  =  1,N  3a,n,aHBi  <J)yHKH,HH  .HanyHOBa  Vi.  Ctpohm 

V2(x1+),  c2  = 


Taxyio  nocjie^OBaTejiBHOCTB  ^jih  i  =  0,  N: 


cu  G  (0,(7),  c1  = 


sup 


sup  V\xz+),.. 

v2-^x2+\2^3 
S2f„2~\ 


V2(x2~)<c1 


cN  = 


sup 

■N~^xN+\ 

rN  f„N  — 


VL{xN+). 


N  — *1 
JV  — 1 


VN  (xN~)<c 

TeopeMa  2.  IlycTB  rndpH^Haa  cucTeMa  H  HMeeT  TpiiBiiajiBHoe  CTapnoHapHoe  cocTOHHiie  x  =  0,  h  ^jih  nee 
\Q\  <  oo,  Jump(i,x)  =  0V{(imodlV)  +  1,  q(x)}.  Tax>xe  nycTB  3a^,aHa  oxpecTHOCTB  Hauajia  xoop^iiHaT  D  C  X. 

dV^x) 


Ecjih  ^jih  H  cyipecTByeT  Ha6op  cjiyHxpi-iH  .HanyHOBa  V{i,x):  Q  x  D  —>  R  Taxon,  hto  — - - fAx(t))  <  0 

_ ‘  ‘  _  dx 

^jih  Bcex  x  G  D  n  Invi,  i  =  1,1V  ^jih  jiio6oh  nocjie,n,OBaTejiBHOCTH  {c4},  i  =  0,1V,  xoTopaa  naHiraaeTCH  c 
jnodoro  coctohhhh,  BBinojiHHeTCH  cN  <  c°,  h  cyipecTByeT  cjiyHxpHJi  ip('):  — *  R+  Taxaa,  hto  ^>(0)  =  0  h 

||gj(^)||  <  ^(||2||)  VI  G  Q,  to  x  =  0  —  ycTOHHHBoe  TpiiBiiajiBHoe  CTapnoHapHoe  coctohhhc  indpu^HOH  chctcmbi 

H. 

9th  ycjiOBHH  OTjHinaiOTCH  ot  aHajioroB  [1]  tcm,  hto  He  ncnojiB3yiOTCH  3HaHeHiiH  cjiyHxpHH  .HanyHOBa  Ha 
TpaexTopi-iHx. 


JlHTepaTypa 

[11  Branicky  M.,  Stability  of  switched  and  hybrid  systems  / /  Proc.  33-rd  Conf.  Decision  and  Control,  Lake  Buena  Vista, 
FL,  Dec.  1994,  p.3498-3503. 


Some  Sufficient  Condition  for  Stability  of  Hybrid  Automata 
Trivial  Stationary  State 
Bychkov  A.S.,  Mercuriev  M.G. 

Kiev  National  University  named  by  T.  Shevchenko,  Ukraine 

Stability  of  the  stationary  state  of  impulsive  and  continuous  hybrid  automata  is  investigated.  The  study  is 
carried  out  by  method  of  Lyapunov  functions.  The  sufficient  conditions  of  stability  and  instability  are  obtained. 
These  conditions  are  easily  calculated  and  are  constructive  by  nature. 
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IIPOBJIEMA  JlfflYHOBA  H  CIIEKTP  flHHAMH^ECKOH  CHCTEM 

3a/j,opojKHt.iii  B.<E>. 

Hncmumyrn  KuCepnemuKU  um.  B.M.  rAymnoea  HAH  Ynpaunu 

IIpHMoii  MeTqn,  .HanyHOBa  BecBMa  scjDcJjeKTiiBeH  npii  aHajiii3e  h  onTiiMajiBHOM  ciiHTe3e  .zpiHaMHHecKHx  ciiCTeM. 
Ajih  KOHKpeTHofi  3a^,aHii  oh  MO»ceT  6bitb  iicnojiB30BaH  jii-iiHB  Tor,a,a  h  tojibko  Tor^a,  Kor^a  yn,aeTCJi  KOHCTpyK- 
thbho  nocTporiTB  (no,a,o6paTB)  cjjyHKpuio  JlanyHOBa  (<J>JI).  Cnoco6Bi  nocTpoeHiia  KOTopnie  npiiMemuiiiCB 

pjisi  aHajiii3a  cpaBHiiTejiBHO  npocTBix  HHTyHTHBHO  noHHTHBix  ^HHaMHHecKHx  criCTeM  (,n,c)  He  MoryT  ,  BOo6m,e 
roBopa,  pa6oTaTB  b  ycjiOBiisix  cymecTBemio  HejiHHeiiHBix  /ipcTaTOHHO  6ojibiuoh  pa3MepHOCTii  ,n,c.  ripo6jieMa  no- 
CTpoeHHH  4)J1  —  npoS.aeMa  Jlsmynoea  (B.  M.  MaTpocoB  1975)  aKTyajiBHa  h  He  tojibko  ,zyi5i  CTapnix  (J}n3H'iecKnx 
MOflejieft,  ho  h  ,h,jih  cymecTBeiiHO  iiobbix,  HanpiiMep,  3a^,aHii  i  [ j [ as m o; t h  h aM it k h ,  TpaHcnopTa  noTOKa  3apH»ceH- 
hbix  nacTHH,  c  ycKopemieM  h  cJjOKycupoBKOH  (B.  O.  3a^opo>KHBiH  2001)  h  t.  p.  0Ta  npo6jieMa  ecTB  hiicto 
m aTeM aTHHecKan  h  no  moih,hocth  OHa  no/tofma  npo6jieMe  raMiuiBTOHa-5lKo6H. 

IlycTB  ^iKjxjDepeHpuajiBHaH  cucTeMa  x ’  =  X{x),  Y(0)  =  0  o6pa3yeT  ^HHaMH'iecKyio  cucTeMy.  IlycTB  x  =  0 
acHMnTOTHHecKii  ycTOHHHBoe  nojioJKeHHe  paBHOBeciui  ,n,c.  B  stom  cjiyuae  cyipecTByeT  <J>JI,  ygOBjieTBopsuomaii 
TeopeMy  JIanyHOBa  06  acHMnTOTHHecKoft  ycTOiiHiiBOCTii  (H.  H.  KpacoBCKiiii  1959).  HcnojiB3ya  stot  cjmKT,  no- 
Ka3aHO,  hto  BeKTopHoe  nojie  X  b  o6jiacTH  acHMnTOTHHecKoft  ycTOHHHBOCTH  nojiojKeHiia  paBHOBecua  nopoHc^aeT 
HHTerpajiBHBiH  onepaTop  h  HMeeT  MecTO  TeopeMa  pa3Ji0JKeHHa  T  h  j  i h6ep  ra- III m h; era.  TaKHM  o6pa30M,  cneKTp 
pfi  b  o6jiacTH  a.y.  6y^eT  hiicto  ^iiCKpeTHBiM  h  coctohtb  tojibko  h3  co6ctb6hhbix  Hiiceji. 

KaK  OKasBiBaeTCH  ^ajiBiue,  stot  onepaTop  6ya,eT  H^epHBiM,  hto,  npeo6pa30BaHO  b  KOHCTpyKTHBHBift  KpiiTe- 
pnii  a.  y.  pc. 

Teope.ua.  B  oS.aacmu  acuMumomunecKOu  ycmouHueocmu  no./ioAcenusi  paenoeecuA  dunaMunecKou  cucmeMU 
ee  cnenmp  .aeotcum  e  Jieeou  no.aynjiocKoemu. 

IloKasaHO  KaK  ctpohtb  (JjyHKpuio  JIanyHOBa-3y6oBa. 


On  the  Lyapunov  Problem  &  the  Spectrum  of  the  Dynamical  System 

Zadorozhny  V.F. 

Glushkov  Institute  of  Cybernetics,  Kiev,  Ukraine 

The  vector  field  X  of  dynamical  system  into  the  domain  0(0)  of  attraction  the  steady  state  x  =  0  generates 
a  Hilbert-Schmidt  operator  R.  If  the  steady  state  x  =  0  is  asymptotically  stable  then  the  spectrum  cr(R)  such 
that  Recr(R)  <  a,  a  is  any  positive  number.  This  reasoning  yields  dissipative  operators  and  theory  Hille-Yosida 
in  the  Lyapunov  problem. 
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POBACTHA5I  CTABHJ1H3AD;HH  HEJIHHEHHBIX  CHCTEM 

3y6ep  H.E.,  Tejinr  A.X. 

HHH  MameMamuKU  u  Mexauunu  UMenu  B.H.  CMupnoea  CanKm-TIemepSypscKOdo 
socydapcmeeHHoeo  ynueepcumema,  Poccun 

PaccMaTpi-iBaeTCH  ,n,Ba  Kjiacca  ypaBHemiH  Bima 

x(t)  =  A(-)x(t)  +  b(-)u ,  (1) 

r,a,e  (•)  =  (t,  x(t),x(t  —  t)),  r  >  0,  A(-)  €  Rmxm,  b(-)  €  Kmxl,  u  €  R1,  A(-)  h  &(•)  —  HenpepbiBHBie  cjryHKipiH, 
npnueM 

sup  [l|3(-)ll  +  IIK')II]  <  oo. 

(•)G[tO)+oo)xlm  xlR771 

B  nepBOM  Kjiacce  A(-)  HBjiaeTCH  MaTpupeft  Opodemiyca  c  (JjyHKpiiOHajiBHoii  hh>kh6h  CTpoKoii,  a  y  BeKTopa 
&(•)  nocjie^Hiiii  ajieMeHT  npeBamipyeT  Ha,n,  ocTajiBHBiMii: 

I  Pm  ( ‘ )  I  >  P\Pl{')\  +  ■■■  + 

Bo  BTopoM  Kjiacce  &(•)  HBjiaeTCH  nocjie^HiiM  e/piHHHHBiM  opTOM,  a  MaTpiipa  A(-)  i-meeT  TpeyrojiBHyio  CTpyK- 
Typy:  OHa  nojiyuaeTCH  H3  MaTpupBi  <Ppo6eHiiyca  c  c^ymap-iOHajiBHOH  hh>kh6h  CTpoKoii  b  pe3yjiBTaTe  3aMeHBi 
cjDyHKpiiOHajiBHBiMii  sjieMeHTaMii  Hyjieii,  ctojhii,hx  Ha  rjiaBHoii  /piroHajni  h  Hi»Ke  ee. 

Tpe6yeTCH  no  3a^aHHBiM  x  n  0  >  0  ciiHTe3iipoBaTB  ynpaBjiemie  u  TaKHM  o6pa30M,  hto6bi  cocTOHHi-ie  paB- 
HOBeciiH  x  =  0  6bijio  SKcnoHeHipiajiBHO  ycTOiimiBO  b  pejiOM  c  ^eKpeMOHTOM  3aTyxamiH  (3.  9Ta  3a^,ana  pemeHa 
c  noMomjiio  cjjyHKHjiH  JlanyHOBa  Bii^a 

V(x)  =  x*H~1x, 

rpfi  H  HBjiaeTCH  Tpex^naroHajiBHOii  ciiMMeTpiiHHoii  nojionaiTejiBHOii  MaTpupeii  [1],  KOScjDcjnmHeHTBi  hi  j  KOTopoii 
HMeiOT  cjie^,yK>in,in“i  bh^  hij  =  hi  >  0,  ftiy+i  =  —0, 5 yjhihj,  ht_j  =  0  npn  j  >  i+ 1,  npnueM  BejniuHHBi  hi  3aBHCHT 
TOJIBKO  OT  X  li  0  . 

AHajion-iHHaH  3a^,aua  pemaeTCH  rjw  HMnyjiBCHoft  ciiCTeMBi,  omiCBiBaeMoii  (JjyHKpiiOHajiBHO-fliicjDcjDepeHpH- 
ajiBHMM  ypaBHemieM 

x  =  A(-)x  +  &(•)£,  £  =  Mu,  (2) 

r^e  At  HejiiiHeiiHBiii  onepaTop,  oraiCMBaiomiiH  HMnyjiBCHBiii  MO^yjiHTop.  C  noMom,Bio  MeTO^a  ycpe^Hemra  [2] 
nojiyneHa  hiivkhhh  opeHKa  Ha  uacTOTy  h m  i  i  yj  i  b  c  a  u  h  h  ,  npn  BBinojiHemni  KOTopoii  nocTpoeHHoe  ^jih  CiiCTeMBi  (1) 
ynpaBjieiine  u  CTa6njiH3HpyeT  cucTeMy  (2). 

Pa6oTa  ocym,ecTBjieHa  npn  no,imep>KKe  POOH  (npoeKTBi  05-01-00238,  05-01-00290). 

JlHTepaTypa 

[1]  A.X.  rejinr,  H.E.  3y6ep,  A.H.  MypujiOB.  YcTOHUHBOCTb  h  CTa6Hjin3an,ns  HejiHHeiiHBix  circTeM.  CI16:  H3fl-BO  CI16y. 
2006.  269c. 

[2]  A.Kh.  Gelig,  A.N.  Churilov.  Stability  and  Oscillations  of  Nonlinear  Pulse-Modulated  Systems.  Birkhauser.  Boston.  1998. 
362p. 


Robust  Stabilization  of  Nonlinear  Systems 
Zuber  I.E.,  Gelig  A.Kh. 

Institute  of  Mathematics  and  Mechanics,  Saint  Petersburg  State  University,  Russia 

Stabilizing  control  syntheses  for  continuous  nonlinear  system  with  delay  is  received  by  construction  of  Lyapunov 
function.  By  averaging  method  the  same  problem  is  solved  for  nonlinear  pulse-modulated  system  with  delay 
and  sufficiently  high  frequency  modulation. 
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oymajnn  TnnA  JimyHOBA  rjisl  MHoroMEPHbix 
AnHAMHHECKHX  CHCTEM 

3y6oB  C.B. 

CaHKrn-IIerriepCypscKuu  socydapcmeennuu  ynueepcumem,  Poccusi 

rioHaTi-ie  pacneTHOH  ycTOH'iHBOCTH  h  cnoco6bi  n3y'ieHna  ero  cbohctb  npn  Hcnojit»30BaHHH  npaMoro  MeTO^a 
JlanyHOBa  npiiBe^eHO  b  ny6jinxan,HHx  aBTopa  [1] .  B  .naHHoii  paboTe  pjm  HejiiiHeiiHBix  ciiCTeM  o6bikhob6hhbix 
,n,ii4)4)epeHLi,iiajiBHBix  ypaBHem-iii  ^,oxa3biBaeTcn  cymecTBOBamie  cjryHxqHn  Tima  JlnnyHOBa,  KOTopbie  npe,n,CTaB- 
jijhot  co6oi"i  cyMMy  xBa,npaTHHHOH  cjropMbi  (J>a30Bbix  nepeMeHHBix  h  HexoTopoii  hbho  BbipajxaeMoii  cjryHxqHH 
BpeMemi. 

PaccMOTpiiM  ciiCTeMy  o6bikhob6hhbix  ^ncjjclDepeHpiiajiBHBix  ypaBHemin 
dx 

—  =  F(x,t),  x  =  (x1,...,xn)*,F(x,t)  =  {Fi(x,t),---,K{x,t))*.  (1) 

3,a,ecB  *  —  3HaK  TpaHcnoHiipoBaHHH.  IlycTB  ||a:||  =  ( xf  + . .  .+x‘^l)1P.  BcK),a,y  b  ^ajibHenmeM  6yn,eM  npe,a,nojiaraTB, 
hto  n-MepHaa  BexTopHan  cjryHxnyiH  F(x,t)  3a,a,aHa  b  MHoacecTBe  O  =  {(x,t)'  ||^||  <  R,  t  >  0},  r,n,e  R  —  hiicjio, 
0  <  R  <  +oo. 

Hac  i-iHTepecyeT  noBe^emie  pernem-iii  ci-iCTeMBi  (1)  b  oxpecTHOCTii  ^.BiiaceHiia  x{t)  =  0,  KOTopoe  MoaceT  He 
6bitb  BOo6m,e  pernem-ieM  cncTeMbi  (1)  (b  cjiynae,  xor^a  F{ 0+)  ^  0  npn  t  >  0).  ,I],BI'l:>KeHI'ie  x  =  0  nasbiBaeTca 
pacaeTHBiM  / [, b h >k e h  h e m  cncTeMbi  (1). 

Onpe^ejieHiie.  ABH>KeHne  x  =  0  Ci-iCTeMBi  (1)  nasbiBaeTca  pacneTHO  ycTonniiBbiM,  ecjin  ^jih  jno6oro 
aiicjia  £  >  0  mo>kho  yxa3aTb  Taxne  ancjia  T{e)  >  0  h  (5(e)  >  0,  hto  fljia  jno6oro  3HaaeHiia  to  >  T(e)  h  jix)6oro 
n-MepHoro  BexTopa  xq,  yupBjieTBopsnomero  ycjiOBi-no  ||a;o ||  <  (5(e),  npn  Bcex  t  >  to  cnpaBe^jniBO  HepaBeHCTBO 

\\x{t,  to,  a?o)  II  <  £• 

TeopeMa.  IlycTb  ,a,aHO  Hejn-iHenHoe  ^iicjDcjDepeHpHaaBHoe  ypaBHemie  n-ro  nopa,a,xa 

dx 

—  =  Ax  +  F(x,t)  +  f{t),  (2) 

r^e  A  —  BemecTBemiaa  nocToaHHaa  MaTpupa  pasMepaMi-i  ( nxn ),  co6cTBeHHBie  nncjia  xoTopoii  iiMex)T  OTpnqa- 
TeaBHBie  ,a,eiicTBHTeaBHBie  aacTii,  /(f)  —  n-MepHaa  Bem,ecTBeHHaa  cjjyHxpua,  xoMnoHeHTBi  xoTopoii  onpe^ejieHBi, 
HenpepBiBHBi  h  orpaHi-iaeHBi  ,a,jia  Bcex  t  >  0,  n-MepHaa  Bem,ecTBeHHaa  cJjyHxpiia  F{x,t )  yn,OBjieTBopaeT  jioxajib- 
HOMy  ycaoBHK)  Jlnnim-ipa  no  xoMnoHeHTaM  BexTopa  x  b  Q,  nenpepbiBHa  b  O  no  coBOxynHOCTn  apryMeHTOB  (x,  t) 
n  y^OBaeTBopaeT  HepaBeHCTBy  ||f7'(a:,t)||  <  a  ||a;||a  h(t)  fljia  Bcex  ^ocTaTOHHO  majibix  3HaneHHn  ||a;||  n  ,a ,jia  Bcex 
t  >  0.  3^,ecn  Bein,ecTBeHHBie  nncjia  a  >  0,  0  <  a  <  1,  h(t)  —  Bem,ecTBeHHaa  HenpepbiBHaa  cjDyHxpna,  3a^aHHaa  n 
orpaHnneHHaa  fljia  Bcex  t  >  On  cyMMnpyeMaa  Ha  6ecxoHenHOM  HHTepBajie  (0,  +oo),  T.e.  cyrqecTByeT  n  xoHeneH 
HHTerpaa  Bi-ma 

f  +  oo  _ 

/  h(t)dt  <  +oo. 

Jo 

IlycTB,  xpoMe  Toro,  —yn  <  . . .  <  —yi  <0  —  Bem,ecTBeHHBie  nacTH  co6cTBeHHBix  nncea  MaTpiipm  A.  Ilpe^no- 
jiojxhm,  hto  cym,ecTByx)T  Taxne  xoHCTaHTBi  b  >  0,  c  >  0,  hto  ^,jih  Bcex  t  >  0  BBinojiHaeTcn  HepaBeHCTBO 

\\m\\<be-^+^.  (3) 

Tor^a  ,a,BH>xeHiie  x  =  0  cncTeMBi  (2)  aBjineTcn  pacneTHO  ycTonmiBBiM. 

JlHTepaiypa 

[1]  3y6oB  C.B.,  3y6oB  H.B.  MaTeMaTnaecKne  MeTOflbi  CTa6njiH3an,iiH  ^aMmecxnx  CHCTeM.  CaHKT-neTep6ypr:  H3/j;-bo 

cnery.  1996. 288  c. 

Lyapunov  Type  Functions  for  Multi-Dimensional  Dynamical  Systems 

Zubov  S.V. 

Saint  Petersburg  State  University 

Existence  of  the  Lyapunov  type  functions  for  nonlinear  systems  of  differential  equations  is  proved.  These 
functions  represent  the  sum  of  a  quadratic  form  of  phase  variables  and  an  explicit  function  of  time. 
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CHETHOCTb  HHCJTA  PEIHEHHH  ABYMEPHOH  JIHHEHHOn 
CMCTEMbl  IIOAOOA  C  PA3JIHHHbIMH  XAPAKTEPHCTHHECKHMH 

MHO)KECTBAMH 
H3060B  H.A. 

HHcmumym  MameMamunu  HAH  Bexapycu,  Bejiapycb,  Muhck 

PaccMaTpimaeM  jniHeiiHBie  BnojiHe  iiHTerpupyeMBie  ciiCTeMBi  IIcjmcjDcjDa 

dx/dti  =  Ai(t)x,  x  £  R 2 ,  t  =  €  i?+,  i  =  1,2,  (1) 

c  orpaHi-iHeHHBiMii  HenpepbiBHO  ^iKjxJjepeHpiipyeMBiMH  MaTpnpaMH  A\  h  A2  2-ro  nopjmxa.  A/13  aHajioroB  xa- 
paxTepiiCTiiuecxoro  noxa3aTejia  JlanyHOBa  cjiyHxpini  o,h,hoh  nepeMeHHofi  —  xapaxTepiiCTiiuecxoro  BexTopa  [1] 
A  =  (Ai,  A2)  £  R2  neTpiiBiiajiBHoro  pememiH  x:  R+  — >  R2,  {0}  chctcmm  (1),  onpe^ejiaeMoro  ycjiOBi-iHMi-i 

Lx{ A)  =  lim  ||t||— 1  [In  ||a:(t)||  -  (A,t)]  =  0;  Lx(X  -  (2  -  i,i  -  l)e)  >  0,  Ve  >  0,  i  =  1,2, 

II ^ II  *00 

h  o6o3HauaeMoro  ci-imbojiom  A[x],  ii  xapaxTepiiCTiiuecxoro  MHO»cecTBa  [1]  Ax  =  UA[x]  C  R2  3Toro  peinemiH 
OCTaBajICH  OTKpBITBIM  CyiU,eCTBeHHBIH  HCXOflHblit  BOnpOC  O  HHCJie  pa3JII'IHHBIX  XapaKTepiICTIIHeCKHX  MHOXCeCTB 
Ax  pemeHiiii  x  paccMaTpiiBaeMofi  CHCTeMM.  Otmcthm,  hto  yyra  o6bikhob6hhbix  n-MepHBix  jiHHeftHBix  ciiCTeM  hx, 
xax  xopomo  H3BecTHO,  rie  6ojiee  n.  B  [2]  ^oxasaHO  cymecTBOBaHi-ie  BnojiHe  iiHTerpiipyeMoii  jniHei“iHoii  CiiCTeMBi 
IIcjDacjjcjDa  c  orpaHiiueHHBiMH  6ecxoHeuHO  7,H4xJ>epeHH,iipyeMBiMH  K03(})(})HHHeHrraMH  h  chcthbim  hhcjiom  pernem-iii 
x  co  BceMH  nonapHO  pa3JiiiHHBiMi-i  xapaxTepiiCTiiHecxiiMii  MHOxecTBaMii  Ax. 

TeopeMa.  BcxKax  dey.uepuax  xuueuuax  eno.tme  uumezpupye.uax  cucme.ua  Ihfatfxfa  (1)  uMeem  ne  6ox.ee 
cnemuozo  Huc.ua  pemeuuu  x  c  nonapno  pa3.auHHU.uu  xapanmepucmuHecKUMU  MHOOK.ecmea.uu  Ax. 

Ycjiobiimch  orpam-raeHHyio  mohotoiiho  y6biBaiomyio  BBinyxjiyro  bhi-13  cjjyHxpiiK)  fx:  [ax,(3x\  — ■>  [ax,bx]  Ha- 
3BiBaTB  xapaxTepiiCTHHecxoii  cjjyHxpiieii  penieHiia  x  A  0  ciictcmbi  (1),  ecjni  cnpaBeypiimo  npe,n,CTaBjieHiie  Ax  = 

{ ( Ai ,  fx( Ai))  £  R2 :  Ai  £  [atxi  fo}}- 

AoxasaTejiBCTBO  TeopeMBi  ocHOBMBaeTca  Ha  cjie^yromiix  jieMMax. 

JleMMa  1.  Tlycmu  cyu^ecmeywm  uempueuaxuuue  pemeuux  u  u  v  cucmeMU  (1)  c  xapanmepucmunecKUMU 
(fiywKyusiMU  fu  u  fw  u  monna  7  £  C\w=u,v [&wi  Pw\,  dxx  nomopou  euno.aueHu  paeeucmeo  fu( 7)  =  A  (7)  u 
Hepaeeucmeo  fu(  Ai)  <  /„(  Ai)  npu  VAi  £  [max  aw,  7)  =  [a,  7)  A  (npu  VAi  £  (7,  min  f3w]  =  (7 ,0\  y^  0). 

W  —  U,v  w=u,v 

Tozda  xapanmepucmuHecnax  tfyuKyux  fx( Ai)  ecxKozo  pemenux  x{t)  =  C\u(t)  +  C2 v(t),  Ci  =  const  y^  0 ,  t  £  R^_, 
ornou  cucme.uu  onpedexeua  na  ompe3Ke  [ax,  7]  D  [0,7]  c  xeeu.u  Kouyo.u  ax  =  a  e  cxyuae  au  A  av  (no,  ompe3Ke 
[7, /3a;]  D  [7,/?]  c  npaeuM  kohu,o.u  (3X  >  6  =  sup{Ai  €  [7 ,/?„]:  fv(Ai)  >  a„},  paenu.u  S  e  cjiynae  au  A  av)  v, 
coenadaem  c  tpyunyueu  fv( Ai)  na  ompe3Ke  [a,  7]  (na  ompe3Ke  [7 ,6\). 

JleMMa  2.  Elycmb  cyipecmeywm  nempueua.a'bHue  pemenusi  u  u  v  cucme.uu  (1)  c  xapanmepucmuHecKUMU 
tfiyHKyusiMU  fu  u  fw  u  monnu  7i  <  72;  7 i  £  tlw—u^v[aw,  ^w],  manue  nmo  na  eceM  uumepea.ae  (71, 72)  eunoAHeno 
nepaeencmeo  fu(Ai)  <  /„( Ai).  Tozda  xapanmepucmuHecKax,  cfiyuKyuA  fx  bcakozo  pemeuuA  x  =  c\ u  +  C2V, 
Ci  A  0.  smou  cucmeMU  onpedexeua  na  ompe3Ke  [71,72]  u  coenadaem  ua  ueM  c  xapaKmepucmuHecKOu  <f>yHKu,ueu 
fv  peuieHux  v. 

JleMMa  3.  Tlycmb  nepeceneuue  xapanmepucmunecnux  .unooKecme  Av  ue  xe.axKmi,ezocx  oduomoHeHHu.u  e 
cxynaxx  au  =  f3v  u  au  =  bv  u  Au  pemeuuu  u  u  v  cucmeMU  (1)  nycmo  u  cymecmeywm  moHKU  A'u  £  A u  u 
\'v  £  Av,  cex3aHHue  eenmopHUM  uepaeeHcmeo.u  A'u  <  A'v.  Tozda  xapaKmepucmuHecKax  fyHKyux  fx  bcakozo 
pemeHux  x  =  cpu  +  C2V,  Ci  A  0  smou  cucmeMU  onpedexeua  ua  ompe3Ke  [au(v),<5]  0  c  xeeu.u  kohu,om 

au(v )  =  max{ au,av},  paenu.u  ax  e  cxynae  au  A  av,  u  npaeuM  kohupm  6  =  sup{Ai  £  [av,[3v\:  /„(Ai)  >  au}, 
paeuu.u  (3X  npu  au  y^  au,  u  coenadaem  na  smo.u  ompe3Ke  c  xapaKmepucmuHecKOu  <f>yHKU,ueu  fv  pemenux  v. 

JleMMa  4.  Ecxu  dxx  xapanmepucmunecnux  $yHKV,uu  fu  u  fv  pemeuuu  u  u  v  cucme.uu  (1)  eunoxueuu 
ycxoeux  j3v  <  au  u  av  >  bu,  mo  xapanmepucmuHecKoe  MuooKecmeo  ecxnozo  pemeuux  x  =  C\U  +  C2V,  Cj  A  0> 
smou  cucmeMU  ecmn  oduomonenHoe  MuooKecmeo  Ax  =  {( au,av )}. 

JlmepaTypa 

[1]  Tpyflo  3.H.  //  An4)4)epeHa.  ypaBHemia.  1976.  T.  12,  Aa  12.  C.  2115-2128;  1977.  T.  13,  5.  C.  826-840. 

[2]  M3060B  H.A.  / /  ypaBHemia.  1998.  T.  34,  A2  6.  C.  735-743. 


On  the  Countability  of  a  Number  of  Solutions  to  a  Two-Dimensional  Pfaffian 
Linear  System  with  Distinct  Characteristic  Sets 

Izobov  N.A. 

Institute  of  Mathematics  NAS  of  Belarus,  Minsk 

It  is  proved  that  a  two-dimensional  completely  integrable  Pfaffian  linear  system  has  at  most  a  countable  number 
of  solutions  with  all  distinct  characteristic  sets. 
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STABILITY  THEORY  AND  NONLINEAR  OSCILLATIONS 


CBOHCTBA  K03<f><J>HIJ;HEHTA  H  IIOKA3ATEJI5I  nPHBOflHMOCTH 
JIHHEHHbIX  AHOOEPEHttHAJIbHbIX  CHCTEM 

H3060B  H.A.,  Ma3aHHK  C.A. 

MHcmumym  MameMamuKU  HAH  Benapycu,  Muhck, 

BejiopyccKuu  gocydapcmeennuu  ynueepcumem,  Muhck 

PaccMaTpi-iBaeM  jiiiHeimbie  ^iKfxfjepeHpiiajiBHBie  CiiCTeMBi 

x  =  A(t)x,  x  £  M",  t  >  0,  (1a) 

c  KycoHHO-HenpepbiBHbiMi-i  h  orpaHHueHHBiMH  (iioctohhhoh  a  >  ||A(t)||  npn  t  >  0)  ko 3 cj) <j) h n h e h r ra m h  ii  B03My- 
meHHBie  ciiCTeMBi  (1a+q)  Tarae  c  KycouHO-HenpepBiBHBiMii  Ha  nojiyocn  [0,  +00)  B03Myin,eHiiaMH  Q,  ygOBjieTBO- 
pMfOIHHMH  JII-160  yCJIOBIIIO 

IIQWII  <C{Q)e-°\  a>0,  t  >  0,  (2) 

jn-160  6ojiee  o6m,eMy  ycjiOBiiio 

IIQWH  <  Ce(Q)e{e~a)t,  a  >  0,  t  >  0,  Ve  >  0,  (3i) 

3KBHBajieHTHOMy  HepaBeHCTBy 

A[Q]  =  lim  f_1  In  ||Q(i)||  <  —  a  <  0.  (32) 

t — »+oo 

9th  B03Mym,eHHH  rjir  a  =  0  KaK  b  cjiyuae  (2),  Tax  h  b  cjiyuae  (3i)  -  (32)  .npnojim-iTejiBHO  cui-iTaeM  HC'iesaroiHHMH 
Ha  6ecKOHeHHOCTii:  Q(t)  — >  0  npn  t  —3  +00. 

KajKflofi  CHCTeMe  (1a)  nocTaBi-iM  b  cooTBeTCTBiie  MHoncecTBa  R(A)  h  R\(A)  Tex  3HaHeHHH  napaMeTpa  <7 
b  ycjiOBHHx  (2)  h  (3i)  -  (32),  npn  KOTopuix  B03MymeiiHaa  cucTeMa  (1a+q)  npn  jiio6om  B03Myin,eHHH  Q,  yn,o- 
BjieTBopaiomeM  (2)  hjih,  cooTBeTCTBeHHO,  (3i)  -  (32),  npiiBqnyiMa  k  HeB03Mym,eHHOH  CHCTeMe  (1a)  c  noMompio 
HeKOToporo  npeo6pa30BaHiiH  JlanyHOBa  x  =  L(t)y  c  a6cojnoTHO  HenpepBiBHoii  Ha  [0,  +00)  MaTpupeii  JlanyHOBa 

L:  sup(||L(f)||  +  ||L-1(i)||  +  ||L(i)||)  <  +00. 

t>  0 

06a  MHOHcecTB a  R(A)  h  R\(A)  hbjihiotch  cbh3hbimi-i,  npiiueM  [1]  (2a, +00)  C  R\(A)  C  R{A).  ToHHBie  hh>khh6 
rpaHH  MHOHcecTB  R(A)  h  R\(A)  6y^eM  na3BiBaTB  [2]  Koscjxji h hhchfom  r(A)  h  noKasaTejieM  p{A)  iipubo/uimocth 
cricTeMBi  (1a)  cooTBeTCTBeHHO.  IIocKOJiBKy  pjisi  jik>6oh  CHCTeMM  (1a)  SHa'ieHHH  r(A )  h  p(A)  coBna^aioT,  to  iix 
o6in,ee  3HaueHiie  7' a  =  r(A)  =  p(A)  6yn,eM  HaaniBaTB  KoatjxpimiieHTOM  hphboahmocth  ciiCTeMBi  (1a)-  CBoiicTBa 
}KB  3TOTO  K03(J)4)HH,HeHTa  npi-IBO^HMOCTI-I  TA  CI-ICTeMBI  (1a)  nO  OTHOHieHHIO  K  B03Mym,eHI-IHM  (2)  H  (3l)  -  (32) 
pa3 jihhhbi .  9to  pa3JiHHi-ie  ycTaHaBjn-iBaeT  [1,  2]  cjieflyiomaH 

TeopeMa.  Cymecmeywm  maKue  cucmeMU  (1a),  umo  R(A)  =  R\(A)  =  (rA,+oo),  u  e  mo  otce  epe.MA 
cyiyecmeywm  maKue  cucmeMU  (1a),  <J/wj  Komopux  (rA,+oo)  =  fA(3)  C  R{A)  =  [?’a,+oo).  Kpo.ue  mozo,  d.an 
ak>6ou  cucmeMU  (1a)  MHOotcecmeo  R\(A)  =  (rA,+oo). 

OTMeTI-IM  TaKACe  CBOHCTBO  He3aBHCHMOCTH  BejIHHI-IHBI  a  >  0  HOpMBI  MaTpHH,BI  K03<J)Cj)HII,HeHTOB  CI-ICTeMBI  (1a) 

h  ee  K034xJ)HH,iieHTa  npiiBO^iiMOCTH  ta:  jim6hx  uuceji  2a  >  r  >  0  cyvyecmeyem  cucmeMa  (1a)  c  Kyconno- 

HenpepueHou  Mampuyeu  KootfitfiuyueHmoe  A,  uMewipeu  nopMy  ||3(i)||  <  a  npu  t  >  0,  u  KootfitfiuyueHmoM 
npueoduMocmu  r a  =  r. 

JlHTepaTypa 

[1]  H3060B  H.A.,  Ma3aHHK  C.A.  HMc|:><l>epeHu.  ypaBHeHHa.  2006.  T.  42,  JVS  2. 

[2]  M3060B  H.A.,  Ma3aHHK  C.A.  ^HtjscljepeHii;.  ypaBHeHiia.  2007.  T.  43,  Ns  2. 


Properties  of  the  coefficient  and  the  exponent  of  the  reducibility  of 

linear  differential  systems 

Izobov  N.A.,  Mazanik  S.A. 

Institute  of  Mathematics  NAS  of  Belarus,  Minsk , 

Belarusian  State  University,  Minsk 

An  asymptotic  equivalence  of  linear  differential  systems  under  exponentially  decaying  perturbations  is  considered. 
A  notion  of  a  coefficient  of  Lyapunov’s  reducibility  of  a  linear  system  is  introduced  and  some  properties  of  this 
coefficient  are  discussed. 
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BPAIIJEHHE  AEOOPMHPYEMOH  OEOJTOHKn,  OlfflCblBAEMOH 
AJirEEPAHHECKOH  DJIJIHIITHHECKOn  nOBEPXHOCTblO 
nOPH^KA  N,  3AIIOJIHEHHOn  OKHMAEMOH  ^KHAKOCTblO, 

okojio  HEnoABn^cHoro  ijehtpa  tr>kecth 

HjibHHa  JI.II.,  MaHyftjioB  K.B.,  IlaHcJjepoB  A. A. 

0A0  HIJK  "BucoKue  TexnoAOduu" ,  CaHKm-IJemepSypg,  Poccuh 

B  pe3yjibTaTe  nocTpoemisi  nojiHBix  cy6cTaHH,iiOHajiBHBix  npoii3BO,n,HBix  no  BpeMemi  ot  cocTaBjunom,iix  BexTopa 
Bpam,aTejiBHoro  HMnyjiBca  Si(t)  =  Ai(i)u>i(i)  nojiyneHBi  ypaBHemin  3iuiepa,  onncBiBaiom,iie  Bpamemie  jxecTxoii 
o6ojionKii  KOHenHoii  tojiiii,hhbi,  orpaHHneHHoii  ,n,ByMJi  aj 1 1  e6pan ' rec k h m h  noBepxHOCTHMii  nopjmxa  N,  3anojiHeH- 
Hoii  c >x h m ae m o h  bh3xoh  jxi-mxocTBio,  113  xoTopnix  onpe^ejunoTCn  cocTaBjiJHomne  MOMeHTa  chji,  Bpam,arom,nx 
jxh,h,xoctb,  co^ep>xamyK>CH  BHyTpri  o6ojiohxii  Boxpyr  oceii,  OTHOCiiTejiBHO  xoiix  onpe,a,ejieHO  ee  Bpamemie  xax 
TBep,a,oro  Tejia,  ho  b  npoTHBonojio:>xHyio  CTopoHy,  h  yrjiOBBie  cxopocTii  Bpamemisi  xamxocTii  OTHOCiiTejiBHO  ,h,bh- 
>xynj,iixcH  (Heno,n,BH>xHBix)  oceii,  to  ecTB  pememie  salami,  nocTaBjiemiOH  r.n.  AHPHXJie  H  3aTeM  npo^BimyTOii 
B.  PiiMaHOM  b  cjiynae,  xor,n,a  o6ojionxa  HBjiaeTCH  ajunmcoimajiBHOH. 

Ho  ^Binxemie  jkh,zi,xocth,  onpe^ejieimoe  sthmh  yrjiOBBiMii  cxopocTHMii,  jrajiaeTCH  jii-iihb  «3aTpaBOHHMM»,  Tax 
xax  npn  o6Texamni  BHyTpeHHeii  noBepxHOCTi-i  o6ojiohxi-i  nacTiipBi  na-mxocTH  c  neo6xo,a,HMOCTBK>  BpamaroTCH  ot- 
HOCiiTejiBHO  ,n,Byx  CHCTeM  oceii,  113  xoTopnix  nepBBie  cyTB  och,  conpiixacaromiiecH  c  sbojiiothbimh  noBepxHOCTHMii 
BHyTpeHHeii  noBepxHOCTi-i  o6ojiohxii,  a  BTopbie  cyTB  och  iim  nojiapHbie  othochtcjibho  nocjie^Heii. 

CHHTiie  Tpe6oBaHHH  jxecTxocTH  o6ojiohxii  no3BOJiaeT  Haimi  om-icam-ie  ee  xojie6aHiiii  h  nopojx,n,eHHBix  iimh 
HanpH>XeHHH  II  flecjDOpMapHii,  BBI3BaHHBIX  H,eHTpo6e>XHBIMH  CHJiaMII  II  ,H,BH>XeHHeM  >XH,H,XOCTH  BHyTpiI  Hee. 

nojiyneHHBie  pe3yjiBTaTBi  npiiBO,n,HT  x  nepeonpe,n,ejieHHio  xpiiTepneB  ycToiiHHBOCTii  noBepxHOCTeii  paBHOBe- 
ciih  Bpam,aiOHi,eiicji  xamxocTii. 


Rotation  of  Deformable  Shell  Described  by  the  Algebraic  Elliptical  Surface  with 
Real  Compressible  Liquid  Inside  Around  Fixed  Center  of  Gravity 

Ilyina  L.P.,  Manuylov  K.V.,  Panfeorov.  A. A. 

Research  and  Production  Company  "High  Technology" ,  Saint-Petersburg,  Russia 


Euler  equations  describing  rotation  of  deformable  elliptical  shell  bounded  by  N  order  algebraic  surface  with 
real  compressible  liquid  inside  around  fixed  center  of  gravity  by  time  differentiation  of  components  of  rotating 
impulse  vector  Si{t)  =  Ai{t)aJi(t) ,  where  A,;  —  moments  of  inertia,  u>i  —  angular  velocity,  is  obtained. 
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STABILITY  THEORY  AND  NONLINEAR  OSCILLATIONS 


HCCJIEAOBAHHE  C0CT03HHH  H  yilPABJIEHHE  KOJIEEAHMMK 
HEJIHHEHHblX  BM3KOYnPyrHX  chctem 

Ka6ejit.KOB  A.H.,  Ka6ejir>KOB  B.A.,  ByppeBa  O.A.,  He4>e,zi,oB  B.B. 

IOchcho-Poccuuckuu  socydapcmeenHuu  mexHuuecKuu  ynueepcumem 
(HoeonepKaccKuu  noAumexHuuecKuu  uHcmumym),  Poccuh 

IfejiaMii  pa6oTbi  hbjihiotch:  iiccjie^OBaHiie  ycTOH'uiBOCTH  h  KOjie6aHiiii  nejiiiHeiiHBix  BH3Koynpyrrix  ciiCTeM  c 
o6m,iix  no3Hii,HH  Teopim  ycToimHBOCTH  ^bh/kchkh;  onTiiMajiBHoe  ynpaBjiemie  nepiio^iiHecKiiMi-i  pejKHMaMii  ,zi,jih 
hx  no,a,aBjieHiiH  hjih  orpammemiH  aMnjiHTyfl. 

PaccMaTpiiBaeTCH  CMemaHHaa  3a,n,aHa  ^,e(J)opMiipoBaHiiH  BH3Koynpyroro  Tejia.  (Lpm  BBiBO^,a  ypaBHemiH  ,h,bh- 
Htemia  .gecJjopMHpyeMoro  Tejia  iicnojiB3yeTca  npirapiin  BiipTyajiBHoii  paboTBi.  Ha  ocHOBe  Bapiiapi-iOHHBix  MeTO- 
^ob  nojiyuemiBie  ypaBHemiH  CBe^eHBi  k  o6bikhob6hhbim  ^iicJxjDepeHpiiajiBHBiM  ypaBHemiaM . 

npe^yioxeHa  MeTO^iixa  pacueTa  KpiiTiinecKiix  napaMeTpoB,  ocHOBaHHaa  Ha  «cobm6Cthom»  pememiii  ypaB- 
Hemiii  «ocHOBHoro»  coctohhiih  h  jii-iHeapi-i30BaHHBix  ypaBHemiii  B03Mymeiinoro  .gBiuKemia. 

Jpisi  iiccjie^,OBaHiia  KOJiebamm,  OTBeTBjiaiom,iixca  ot  ochobhbix  cocToaHi-nl,  npiiMeHen  MO^Hcjji-miipoBaHHBiii 
MeTOfl  HanyHOBa-HlMii^Ta. 

OnmuMdAbHoe  ynpae.aenue  K0Jie6anusiMU.  JlflR  rainemia  K0Jie6aHi-n"i  Ha6jno^aeMBix  CiiCTeM  ncnojiB3yiOTca 
nacciiBHBie,  aKTHBHBie  h  nacciiBHO-aKTHBHBie  moto^bi.  YcTpoiicTBa  aKTHBHoro  rainemia  KOjie6aHHi"i  mohcho  pa3- 
6iitb  Ha  cjie^yromiie  rpynnBi:  aspo^HHaMimecKiie,  n-mpaBjii-iHecKi-ie,  nipocKoraiHecKiie  h  sneRTpoMexammecKiie. 

PacaeT  onTHMajiBHBix  ynpaBjiemiii  ^,eTepMHHiipoBaHHBiMH  ciiCTeMaMH  3apy6e>KHBie  h  OTeuecTBemiBie  aBTO- 
pBi  npoBO^aT  na  ocHOBe  Teopim  JleTOBa-KajiMaHa.  npn  stom  3a^3,aaa  cbo,h,htch  k  HejiriHefiHBiM  ypaBHemiaM 
Tiina  Pi-iKKaTH.  CymecTBemioe  ynpoiu,emie  aaropi-iTMOB  o6ecnemiBaeT  BBe,n,emie  KpiiTepiia  «o6o6m,emiOH  pa6o- 
tbi»  A. A.  KpacoBCKoro,  npiiBO,n,Hiii,ero  k  jiHHeiiHHM  ypaBHemiaM  npn  o/i,HOTOHeHHBix  rpaHHHHBix  ycjiOBiiax.  B 
HacToam,eii  paboTe  Ha  ocHOBe  ypaBHeHiiii  3iijiepa-,IlarpaH>Ka  noKa3BiBaeTca,  hto  3a^,aaa  aHajiiiTiiHecKoro  koh- 
CTpyiipoBaHiia  peryjiaTopa  MoaceT  6bitb  CBe^eHa  k  jnmeimoH  .gByxTOHeuHOH  KpaeBoii  3a^,aae  npn  KBa^paTHHHOM 
KpHTepHH  KaaecTBa.  npn  stom  b  ypaBHemiH  bbo^htch  BeKTop  B03Mym,ai0Hi,Hx  B03^,ei"iCTBHH. 

IIo.ayueHHue  pe3y./ibmamu.  Ha  ocHOBe  h3jio>kbhhbix  MeTO^OB  pemeHBi  cjie^yioiii,He  salami:  ycTOilm-iBOCTB 
ii  aKTHBHoe  ynpaBjieHiie  K0Jie6aHHHMii  bbicothoto  coopyucemia,  o6TeKaeMoro  noTOKOM  B03,n,yxa;  nacciiBHO- 
aKTHBHoe  ynpaBjiemie  K0Jie6aHHHMii  bbicothoto  coopyucemia,  no^Bepacennoro  c e ii c m h ' i ec k h m  B03,n,eHCTBiiHM; 
ynpaBjiemie  po6oTOM-MaHiinyjiaTopoM;  aKTHBHoe  ynpaBjieHiie  naHTorpacjiHBiM  Mexami3MOM. 

PafioTBi  BBinojiHeHBi  b  paMKax  HayHHoro  HanpaBjieHiia  «HiicjieHHO-aHajiHTHHecKHe  h  KauecTBeHHBie  mcto^bi 
b  3a^,aaax  HejniHeiiHoii  MexaHHKii»  KacJje^p  «TeopeTiiHecKaa  MexaHHKa»  h  «BBicmaa  MaTeMaTi-iKa»  Oii3hko- 

MaTeMaTHHecKoro  (JmKyjiBTeTa  lOPrTY. 


Investigation  of  States  and  Control  of  Nonlinear  Viscous-Elastic 

Systems  Oscillations 

Kabelkov  A.N.,  Kabelkov  V.A.,  Burtseva  O.A.,  Nefedov  V.V. 

South-Russian  State  Technical  University  (Novocherkassk  poly  technical  institute),  Russia 

Stability  and  oscillations  of  nonlinear  viscous-elastic  systems  have  been  studied.  An  algorithm  of  optimum 
control  of  periodic  modes  is  developed  to  restrict  their  amplitudes  or  completely  suppress  them.  A  problem 
of  calculation  of  stability  and  active  control  of  fluctuations  of  high-altitude  construction  that  is  flowed  round 
by  the  air  is  solved.  An  algorithm  of  passive-active  control  of  fluctuations  of  high-altitude  construction  under 
seismic  influence  is  created.  Controls  of  robot-manipulator  and  pantograph  mechanism  are  synthesized. 
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CTABHJTH3AIJH5I  TETEPOrEHHblX  MEXAHHHECKHX  CHCTEM 

Kocob  A. A. 

MHcmumym  Ouhclmuku  cucmeM  u  meopuu  ynpaejieHUfi  CO  PAH,  Poccusi 

Hccjie^yeTca  3a^,aua  CTabiijiHaanuH  ynpaBjiaeMOii  jioniKO-,n,HHaMHHecKOH  cucTeMbi  c  H3MeH5noin,iiMCH  (J>a30BbiM 
npocTpaHCTBOM,  oniiCBiBaiomeii  ^HHaMHKy  B3aiiMOCBH3aHHbix  MexaHHuecKHx  no^ciiCTeM  c  bo3mo>khbimh  OTKa- 
3aMH  h  BOCCTaHOBjieHiiHMii.  IIoKa3aHO,  hto  b  cjiyuae,  Kor,n,a  b  no,n,CHCTeMax  3a,n,aHbi  noTeHiijiajibHbie  jih6o  HeKOH- 
cepBaTriBHBie  no3im,HOHHbie  chjibi,  MaTpupbi  KOTopbix  MoryT  3aBiiceTb  ot  BpeMem-i,  a  B3aiiMOCBH3ii  hbjijhotch 
^.ocTaTOHHO  cjia6biMii,  to  ciiCTeMy  mojkho  CTa6i-ijn-i3iipoBaTb  ^1,0  SKcnoHeHipiajibHOii  ycTOiiuiiBOCTii  jiOKajibHbi- 
mh  peryjiHTopaMii,  ncnojib3yioiii,HMH  b  Rancho!!  no,n,CHCTeMe  tojibko  ciijibi  hhoh  CTpyKTypbi  no  cpaBHemno  c 
3a^aHHbiMii. 

Ecjih  b  no,a,CHCTeMe  3a/i,aHbi  HeKOHcepBaTiiBHbie  no3im,iiOHHbie  ciijibi  c  nepeMennoii  MaTpHpefi,  to  jiOKajib- 
Hbiii  peryjiHTop  Bcer,a,a  MonceT  6bitb  nocTpoeH  na  ochobc  iicnojib30BaHHH  ^iiccunaTiiBHbix  n  noTeHpiianbHbix 
chji  c  npoii3BOJibHbiMii  nocTOHHHbiMii  nojio>KiiTejibHO  onpe,n,ejieHHbiMii  MaTpiipaMii  n  cnepiiajiBHbiM  o6pasoM 
Bbi6paHHbix  nipocKOHH'iecKHx  chji.  IIpii  hcthom  micjie  KOop^imaT  h  ^.onojiHiiTejibHbix  orpaHiineHiisix  na  ne- 
peMeHHyio  MaTpimy  HeKOHcepBaTiiBHbix  chji  CTa6iuiii3iipyiomi'iii  ,a,o  SKcnoHeHiiyiajibHOH  ycTOiiniiBOCTii  jiOKajib- 
Hbiii  peryjiHTop  mohcct  6bitb  nocTpoeH  6e3  npiiBjieneHiiH  noTemi,iiajibHbix  chji  Ha  ochobc  fliicciinaTiiBHbix  chji 
c  npoii3BOJibHoii  nocTOHHHoii  nojioJKiiTejiBHO  onpe,n,ejieHHOH  MaTpiipeii  h  cnepiiajibHbiM  o6pa30M  Bbi6paHHbix 
nipocKoniinecKiix  chji. 

Ecjih  b  no^cucTeMe  3a^aHbi  noTeHpiiajiBHbie  ciijibi  c  nepeMeHHoii  MaTpupeii  h  hiicjio  KOop/pmaT  ueTHO,  to 
Bcerpa  mohcct  6biTb  nocTpoeH  CTa6iijiH3iipyioiii,HH  po  SKcnoHeHipiajibHoii  ycTOiiuiiBOCTii  jiOKajiBHbiii  peryjiHTop 
Ha  ocHOBe  iicnojib30BaHHH  pHCCiinaTHBHbix,  nipocKoniiHecKiix  h  HeKOHcepBaTiiBHbix  no3im,iiOHHbix  chji.  IIpn 
HeneTHOM  Hiicjie  KOoppimaT  CTa6iuiH3  aipra  TaKoro  popa  ocymecTBiiMa,  ecjin  xoth  6bi  opim  piiaroHajibHbiH  sjie- 
MeHT  MaTpupbi  noTeHpiiajiBHbix  chji  OTpejien  ot  Hyjia  nojiOKHTejiBHbiM  hhcjiom. 

Ajih  jiiiHeiiHbix  no^ciiCTeM  c  3a^,aHHbiMii  noTeHipiajibHbiMii  ciuiaMii  b  npepnojioJKeHiiii  OTcyTCTBiia  ,h,hc- 
ciinaTHBHO-ycKopHiomHx  chji  H3yHeHa  sapaua  CTa6iijii-i3aii,HH  po  He  acHMnTOTHuecKOH  ycTOiiHiiBOCTii  3a  cueT 
npiicoe^iiHeHiiH  nipocKoniiHecKiix  h  HeKOHcepBaTiiBHbix  no3i-m,HOHHbix  chji. 

B  KanecTBe  npiiMepa  paccMOTpeHa  sapaua  CTa6iuiH3aii,HH  nojiOHceHini  OTHOCiiTejiBHoro  paBHOBecua  cnyTHiiKa 
Ha  KpyroBoii  op6iiTe,  pjiH  KOTopoii  HaiipeHa  bch  o6jiacTb  CTa6iuiH3HpyeMOCTH  b  npocTpaHCTBe  napaMeTpoB  — 
TJiaBHblX  MOMeHTOB  HHeppHH. 

PaboTa  no^nepHcaHa  b  paMKax  IIporpaMMbi  N2  22  npe3imiiyMa  PAH,  a  Tarae  rpama  npe3imeHTa  Poccuii- 
ckoh  tDepepaipin  no  rocypapcTBemioii  no^mepjKKe  Bepyiipix  HayuHbix  hikoji  HIH-9508. 2006.1. 


Stabilization  of  Heterogeneous  Mechanical  Systems 

Kosov  A. A. 

Institute  of  system  dynamics  and  control  theory  of  SB  of  RAS,  Russia 

A  problem  related  to  stabilization  of  a  controlled  logic-dynamic  system  with  the  variable  phase  space,  which 
describes  dynamics  of  interconnected  mechanical  subsystems  characterized  by  possible  failures  and  restorations, 
is  considered.  Conditions,  whose  satisfaction  provides  for  the  stabilization  up  to  exponential  stability  at  the 
expense  of  employment  of  local  controllers,  have  been  obtained. 
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O  CMEIHAHHblX  CTPATErMX  CTAEHJIH3AIJHH 

KoTejifaHHKOBa  A.H.,  KpacoBCKHii  H.H.,  PeuieTOBa  T.H. 

HHcrnurnyrn  MameMamuKU  u  MexanuKU  ypcuibCKoeo  omdenenuH 
Poccuuckou  AKadeMuu  nayn,  Poccua 

PaccMaTpi-iBaeTca  CTafwjmaanm-r  ynpaBjineMoro  o6T>eKTa,  omiCBiBaeMoro  ypaBHenneM  Hto: 

dy[t]  =  {G[0]y[t}  +  G[v]y[t  -  y)  +  B[s]u[s]  [*-£]+  r(t,  y[t,  •])+ 

+f(u[t],v[t]-y[t  -  hM[t]],y[t~  h,W[t]]))dt  +  B^(t,y[t])dW[t}.  (1) 

3,n,ecB  y  —  BeKTop-CTOJi6en,  {yt,  i  =  1,  n },  \y\  =  {y\  H - b  y„)  ® ,  y[t,  •]  =  {y[t  + $],  —2 h  <  D  <  0},  (h  =  const  > 

0)  —  ncTopiiH  ^bh>k6hhm;  ijMuM  —  jiiiHeiiHBiii  CTa6iijiii3aTop  [1];  /  —  6jiok  bjihhhiih  ynpaBnemin  {u,  hf-A}  h 
Heonpe,a,ejieHHBix  noMex  {v,hW}  [2,3];  h  £  —  MapKOBCKiie  npopeccBi,  r  —  Majiaa  ,n,o6aBKa;  W[t\  —  fc-MepHtift 
(1  <  /c  <  n)  BiinepoBCKiiH  npoqecc. 

YcTaHaBjiiiBaiOTCH  ycjiOBiia  Ha  napaMeTpai  ypaBHeHiin  (1),  na  noMexn  h  ynpaBjunomiie  B03,a,eiicTBHH,  rapaH- 
Tiipyromne  ycTOHHHBOCTB  no  BepoHTHOCTH  [4-6]  rjik  (1),  to  ecTB  rapaHTi-ipyiomne  npn  Hanepe^,  3a,a,aHHBix  e  >  0 
n  (3  <1  HepaBeHCTBO  ^jih  BeponTHOCTii: 


P 


(  sup 


\y[t}  \  <  £ 


>  P, 


T  <  oo 


npn  ^ocTaTOHHO  MajiOM  HanajiBHOM  B03Mymemin 


max  \y\t  +  a?]|  <  6. 
-2h<ti<0 


(2) 

(3) 


Bo3^eiicTBHe  {u[t] , cjropMnpyeTCH  no  o6paTHon  cbh3h  BeponTHOCTHBiM  Mexam-i3MOM  b  ^ncKpeTHon 
no  BpeMemi  t  cxeMe  c  MaiiniM  maroM  L  <  t  <  ti+ 1,  l  =  1,2,...  na  6a3e  iiH^opMapnonnoro  o6pa3a  {y[t,»]  + 
Ay[t,  •]},  BKjnonaiom,ero  Manyro  noMexy.  ynpaBjienne  {u[ti],h^A[ti\}  onpe^ejineTcn  (J>yHKu,HOHa.JiOM  JlnnyHOBa 
V(y[t,»],t;[t],y[t])  [7,8]. 

PaboTa  BBinojmeHa  npn  no,imep}KKe  rpama  IIpe3H^i,eHTa  PO  HIII-8512. 2006.1  n  rpama  POOH  Ne  06-01- 
00436 
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C.  605-618. 

[2]  KypacaHCKHii  A.B.  ynpaBjieHne  h  Ha6juofleHHe  b  ycjiOBirnx  HeonpeflejieHHOCTH.  M.:HayKa,  1977. 

[3]  KpacoBCKHii  H.H.,  Cy66oTHH  A.H.  llo3HiuiOHHbie  fliiOOepeHUHajibHBre  nrpbi.  M.:  HayKa,  1974. 

[4]  XacBMiiHCKHH  P.3.  ycTOHHHBOCTB  cucTeM  flH4)4>ePeHUHajIbHbIX  ypaBHeHiiii  npn  cjiyuaimbix  B03Myin;eHHax  hx  napa- 
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[7]  KojiMaHOBCKiiii  B.B.,  Hocob  B.P.  ycToifuiiBOCTb  n  nepiio/uruecKiie  peaaiMBi  peryjinpyeMbix  chctcm  c  nocjieflencTBireM. 
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On  Mixed  Strategies  of  Stabilization 

Kotelnikova  A.N.,  Krasovskii  N.N.,  Reshetova  T.N. 

Institute  of  Mathematics  and  Mechanics  of  Ural  Branch  of  Russian  Academy  of  Sciences,  Russia 

Stabilization  of  a  controlled  object  with  after-effect  is  considered.  The  controlled  object  is  affected  by  uncertain 
and  stochastic  disturbances  and  is  described  by  an  Ito  equation.  Effects  from  the  past  are  included  among 
disturbances  and  controls  which  is  specific  for  the  problem.  Conditions  are  determined  that  guarantee  stability 
in  probability.  The  control  is  formed  on  the  basis  of  the  technique  of  Lyapunov  functionals  by  a  stochastic 
mechanism  with  the  help  of  feedback  taking  into  account  the  history  of  motion  distorted  by  disturbances. 

References 

[1]  Osipov  Yu.  S.  On  stabilization  of  control  systems  with  delay  //  Differential  equations,  1965.  V.l,  N.  5.  P.  605-618. 

[2]  Kurzhanskii  A.B.  Control  and  Observation  under  Conditions  of  Indeterminacy.  Moscow:  Nauka,  1977. 

[3]  Krasovskii  N.N.,  Subbotin  A.I.  Positional  differential  games.  Moskow:  Nauka,  1974. 
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O  riOCTPOEHHH  HEOrPAHHHEHHbIX  CIIEKTPAJIbHblX 
CnrMA-MHO>KECTB  JIHHEHHbIX  CHCTEM  HETHOH  PA3MEPHOCTH 
C  MAJTbIM  nAPAMETPOM  IIPH  nPOH3BOAHOH 

KpaCOBCKHH  C.r. 

HHcmumym  MameMamuKU  HAH  Benapycu,  Muhck,  Bejuipycb 

PaccMaTpi-maeM  jiHHeimyio  ci-iCTeMy 

ex  =  A(t)x,  e  £  (0,1],  x£R2n,  t>  0,  (1,4/e) 

c  KycoHHO-HenpepbiBHbiMH  orpaHiineHHBiMH  ko 3 (.}) j h  n h e h rra m  h  ,  i-iMeiomyio  npn  e  =  1  xapaKTepiiCTHnecKiie  no- 
Ka3aTejiii  Ai(A)  <  . . .  <  A2 n(A),  cocTaBjijnoin,ne  TOHKy  A(A)  npocTpaHCTBa  R2n,  h  KoacjDcjjimiieHT  nenpaBiuiB- 
hocti-i  Fpo6MaHa  [1]  ar(  A). 

no  aHajiorHH  c  rpo6MaHOBCKHM  cneKTpajiBHBiM  MHoncecTBOM,  BBe/teHHBiM  H.A.  H3o6obbim  [2],  paccMOTpiiM 
cneKTpajiBHoe  ciirMa-MHoncecTBO  [3]  cncTeMBi  (1a/£): 

SHA/e)  =  II  A {(A  +  Q)/e),  r/i,e  a  =  const  >  0,  A[Q1  =  lim  i_1  In  ||Q(i)||. 

& 

TeopeMa  1.  JJaa  ak>6ux  uuceji  Aj  <  A2  u  ao  >  2(A2  —  Ai)  cyiyecmeyem  dey.uepnaA  cucme.ua  (1a)  c 
6ecKOHeu,Ho  du<fi<fiepeHu,upye.uu.uu  oepaHUHewnuMU  K03<p<puu,ueHma.uu  u  ux  npou3eodHu.uu,  uMewiyasi  xapaK- 
mepucmuuecKue  noKa3amejiu  Ai(A)  =  Ai,  i  =  1,2  u  KostfxfiuyueHm  HenpaeuAunocmu  Epo6.uaHa  or  (A)  =  ao, 
mama,  umo  cneKmpa.aunoe  cuz.ua-.uHocucecmeo  Sa(A/e)  cucmeMU  (1a/e)  nPu  ecsmux  ct>0u0<£<  [ao  + 
2(Ai  —  A2)] o'  1  codepatcum  MHoatcecmeo  mouen  (yi,  p.2)  £  R2 ,  onpede.a,AeMoe  HepaeeHcmea.uu  A2  —  ao(0  — 1)_1  < 
eyi  <  A2  A  &P2  A  (A2  —  £/tr)$  2  T  A2  T  (i To  T  Ai  —  A2  —  ecr (0  ^ ,  zde  0  />  2cto(A2  —  A^)  ^  —  1  i>  3. 

Cjie,a,CTBHe  1.  n.aocKasi  enympenHsui  .uepa  mes0  Sa(A/e)  Mnootcecmea  Sa(A/e)  HCozpauuucHHO  eo3pacma- 
em  npu  e  — »  +0. 

3aMeTi-iM,  hto  npu  /i,OKa3aTejiBCTBe  TeopeMBi  1  b  [4]  6buia  nocTpoeHa  jinniB  nacTB  cneKTpajiBHoro  cnrMa- 
MHoncecTBa  ciiHrynapHon  cncTeMM.  B  cjiynae  Ai  =  A2  b  [5]  nocTpoeHO  nojmoe  cneKTpajiBHoe  ciirMa-MHoncecTBO, 
TaKxce  o6jia/i,aiom,ee  cboiictbom  HeorpaHnneHiiocTH  no  MajiOMy  napaMeTpy. 

TeopeMa  2.  Haa  ak>6ux  deucmeumeAunux  uuceji  A,  ao  >  0  u  0  >  1  cyiyecmeyem  dey.uepnaA  cucme.ua 
(1a)  c  6ecK0HeuH0  ducfiifiepeHyupyeMu.uu  ozpaHuueHuu.uu  K03<fi<fiuu,ueHma.uu  u  ux  npou3eodHu.uu,  UMetoiyaA 
xapaKmepucmuuecKue  noKa3ameAU  A;(A)  =  A,  i  =  1,2  u  KoscficpuyueHm  nenpaeuAUHoemu  EpoS.uaHa  or  (A)  = 
a  0;  manasi,  umo  cneKmpa.auHoe  cuz.ua-.uHoatcecmeo  Sa(A/e)  cucmeMU  (1a/e)  nPu  scakux  (t>0m0<£<  <jq/ a 
coenadaem  c  mpeyzoAnnuKo.u 

A  (A/e)  =  {(/xi,  /x2)  e  R2 :  A  (9  +  1)  -  e0y2  <  eyi  <  ey2  <  A  +  (tr0  -  ea)(9  -  l)^1}. 

Cjie/jCTBHe  2.  n.aocKan  .uepa  mes2  Sa(A/e)  npu  bchkom  (puKCupoeaHHO.u  a  >  0  HeozpaHuueHHO  eo3pacma- 
em  no  napa.uempy  e  -3  +0. 

Ha  ocHOBe  TeopeM  1,  2  nojiyneH  aHajion-iHHBin  pe3ynBTaT  n  fljia  ci-iHryjinpHBix  chci’Cm  (1a/£)  npoH3BOJiBHoft 
neTHoii  pa3MepHOCTH  2 n,  n  £  N: 

TeopeMa  3.  Haa  npou360At>Hozo  n  £  N  u  ak>6ux  nuceA  A\  <  . . .  <  A2n,  cr0  >  2  max |A2fc  —  A2fe_i}  =  2 L 

k=l,n 

cyiyecmeyem  2 n-.uepnaA  cucme.ua  (1a)  c  SecKOHeuno  dutfxfiepenyupyeMu.uu  ozpaHuneHHU.uu  K03<p<puyueHma.uu 

u  ux  npou36odm>i.uu,  uMemiyaA  xapanmepucmunecnue  n0Ka3ame.au  A, (3)  =  Aj,  i  =  1,2 n  u  K03<fi<fiuu,ueHm 

nenpaeuAUHocmu  Epo6.uaHa  or  {A)  =  ao,  manasi,  umo  cneKmpa.auHoe  cuz.ua-.uHocncecmeo  Sa(A/e)  cucmeMU 

(1a/e)  npu  ecAKux  a>0u0<e<  (ao  —  2L)a~ 1  UMeem  enympeHmom  2n-.uepy  meSon  S„(A/e)  >  0,  npuueM 

lim  mes  ^  Sa(A/e)  =  +00. 

£— ^+0 

Pa6oTa  no^roTOBjieHa  npn  4)nHaHCOBoii  no^ep^cKe  BejiopyccKoro  pecny6jinKaHCKoro  c^OH^a  (J^yH^aMeH- 
TajibHbix  nccjie^OBaHnii. 
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On  the  Constructing  of  Unbounded  Spectral  Sigma-Sets  for  Even 
Dimensional  Linear  Systems  with  Small  Parameter  Multiplying  the  Derivative 

Krasovskii  S.G. 

Institute  of  Mathematics  NAS  of  Belarus,  Minsk 

The  methods  for  constructing  of  characteristic  spectral  sets  of  linear  differential  systems  with  exponentially 
damping  perturbations  and  small  positive  parameter  multiplying  the  derivative  are  described.  Metrical  properties 
of  such  sets  are  investigated. 


HEJIHHEHHA5I  flHHAMHKA  AMCCnriATHBHblX  PACIIPE^EJIEHHblX 

MEXAHHHECKHX  CHCTEM 

Kpr.icr.Ko  B.A.,  Kpr>icr>Ko  A.B.,  >KnrajiOB  M.B.,  IlanKOBa  H.B., 
CaBejmeBa  H.E.,  UJeKaTypoBa  T.B.,  Ky3Hen,OBa  3.C. 

CapamoecKuu  eocydapcmeennuu  mexHUHecnuu  ynueepcumem,  Poccua 

B  pa6oTe  nocTpoeira  o6m,aa  Teopiia  HejiHHeimoft  ^rmaMiiKii  ^HCCiinaTiiBHbix  pacnpe^ejieHHBix  MexaHiiuecKiix 
ci-iCTeM  c  yueTOM  TeMnepaTypHoro  nojiu  h  BHemmix  3HaKonepeMeHiiBix  Harpy30K  (6ajiOK,  crrep>KHeu,  njiacTim 
h  o6ojioueK  npoii3BOJiBHoro  njiaira,  a  Taxace  3aMKHyTBix  piijiiiH^piiuecKiix  o6ojioueK).  B  KauecTBe  KimeM aTii- 
uecKofi  mnoTe3Bi  npiiHHTa  o6o6in,eHnaji  MO^ejm  C.II.  TiiMomeHKO,  113  KOTopoii  xax  uacTHBiii  cjiyuaii  cjie^,yK)T 
mnoTe3Bi  Tima  Ti-iMOiueHKO  h  Knpxrocjm.  YuTeHBi  cjie,n,yiOHi,He  TimBi  HejiimeimocTn:  reoMeTpiiuecKan,  koh- 
CTpyKTiiBHaa,  (]:)M3H'iecKas-r  h  ynpyro-njiacTiiuecKoe  n,iiKjniuecKoe  narpyxemie.  IIojiyueHa  anpiiopHaa  cxopocTB 
cxo^giiMOCTi-i  MeTO^OM  By6HOBa-rajiepKima  rjih  iickombix  HejuiHeiiHBix  ^,n<J>4)epeHij,na.JiBHBix  ypaBHeHHH  /jBiiJKe- 
hhh  MexaHHuecKHx  ciiCTeM  b  uacTHBix  npoii3BO^HBix.  9to  TeM  caMBiM  ,gaeT  bo3mo>khoctb  ,n,0Ka3aTB  cymecTBOBa- 
Hne  xoth  6bi  o^Horo  pememiH  stoii  ciiCTeMBi  ypaBHemiH,  xax  uacTHBiii  cjiyuaii  OTcro^,a  cjie^yeT  cymecTBOBamie 
xoth  6bi  o^Horo  pememia  ,h,jih  ypaBHemiH  TiiMomeHKO  n  Knpxrocjm. 

JXjisl  nojiyuemiH  .gocTOBepHBix  ciimajiOB  ^BiiaceHiia  MexaHiiuecKiix  chctcm  iiCKOMBie  HejuiHeiiHBix  fliicjxjie- 
peHpiiajiBHBie  ypaBHemiH  b  uacTHBix  npoii3BO,n,HBix  cbo,h,htch  k  cucTeMaM  o6bikhob6hhbix  ,n,H4xJ>epeHii,najiBHBix 
ypaBHeHiiii  c  noMom,Bio  cjie,nyiom,nx  mcto^ob:  KOHeuHBix  pa3H0CTeii  c  annpoKCHMaH,neii  0(h2),  0(h4),  KOHeuHBix 
3 jieMeHTOB ,  By6H0Ba-rajiepKiiHa  h  PiiTpa  b  BBicmux  npii6jin>KeHHHx.  3a^,aua  Komii  pemaeTCH  mcto^om  PyHre- 
KyTTa  2-ro,  4-ro,  6-ro  nopa^Ka  tohhoctii.  Hcckojibko  mcto^ob  6bijio  ncnojiB30BaHO  He  tojibko  ^jih  npoBepKii 
^.ocTOBepHOCTii  pe3yjiBTaT0B,  ho  ii  c  qejiBio  BBi6opa  MHHHMajiBHBix  3aTpaT  BpeMeHH.  CurHajiBi  uccjie^yiOTca  c 
noMOin,Bio  aHajui3a  .TanyHOBCKiix  noKa3aTejieii,  Oypne  h  BniieBjieT-npeo6pa30BaHna,  ceuemie  PlyaHKape,  (J>a30- 
bbix  h  MO^ajiBHBix  nopTpeTOB  h  .gpyrrix  mcto^ob  HejiHHefiHoii  flHHaMHKH.  IIocTpoeHBi  KapTBi  xapaKTepa  K0Jie6a- 
hhh  MexaHiiuecKiix  chctcm  b  3aBiicnM0CTn  ot  napaMeTpa  BHemHiix  B03,n,eHCTBHH  Tima  MexaHiiuecKoii  CiiCTeMBi 
h  ee  reoMeTpHH,  MO,n,ejm  fluccHnapHn,  rpaHiiuHBix  h  nauajiBHBix  ycjiOBiiii.  Hccjie^yiOTca  npocTpaHCTBemiBiii  h 
BpeMeHiioii  xaoc.  AHajiH3iipyiOTca  cue  Hap  it  11  nepexo^a  K0Jie6aHiiii  MexaHiiuecKiix  ciictcm  h3  rapMOHHuecKHx  b 
xaoTHuecKne.  IfojiyueHBi  HOBBie  MO/pKjiHKanHH  H3BecTHBix  cpeHapneB.  ripefljioaceHBi  mcto^bi  ynpaBjieHiia  xao- 
THuecKHMH  K0Jie6aHHHMii  MexaHiiuecKiix  pacnpe^ejieHHBix  ciictcm. 

PaboTa  BBinojiHeHa  npn  cjiHHaHCOBOH  noAHepacKe  POOH  (rpaHT  Ne  06-08-01357_a). 


The  Nonlinear  Dynamics  Theory  of  Distributed  Mechanical  Systems 

Krysko  V.A.,  Krysko  A.V.,  Zhygalov  M.V.,  Papkova  I.V., 

Savelieva  N.E.,  Shekaturova  T.V.,  Kuznetsova  E.S. 

Saratov  State  Technical  University,  Russia 

In  present  research  work  the  nonlinear  dynamics  theory  of  distributed  mechanical  systems  is  constructed.  The 
distributed  mechanical  systems  are  beams,  rods,  plates  and  shells  of  arbitrary  plane  and  also  closed  cylindrical 
shells.  For  mentioned  systems  different  types  of  nonlinearities  and  series  of  kinematics  hypothesis  are  taking 
into  account.  For  solved  problems  different  numerical  methods  for  reduction  of  differential  equations  in  partial 
derivations  to  ordinary  differential  equations  are  constructed  with  the  help  of  finite  difference  method,  Bubnov- 
Galerkin’s  method,  Rits’s  method  in  maximum  approach.  The  analysis  of  Cauchy  problem  solving  depending 
upon  approximation  order  is  given.  Analysis  algorithms  of  mechanical  systems  are  constructed. 


TEOPHH  yCTOM’-IMBOCTM  14  HEJIHHEHHblE  KOJIEEAHHH 
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HEKOTOPblE  3AAAHH  YCTOHHHBOCTH  B  TEOPHH 
MHOrOMACHITABHbIX  nO  BPEMEHH  CHCTEM 

Ky3bMHHa  Jl.K. 

KAM-KPTV.  Poccuh 

IIccjie^OBaHiie  CBH3aHO  c  pasBiiTiieM  noHsmni  h  MeTO,n,OB  xjiacciiHecxoii  Teopini  ycTOHHHBOCTH  A.M.  JlanyHOBa 
npiiMeHiiTejiBHO  k  3a,n,aHaM  ^hhemhkh  cjiojxhbix  cucTeM  Kjiacca  ciiHryjiapHO  B03Myin,eHHBix,  MHoroMacniTa6HBix 
no  BpeMemi.  PaboTa  nocBmueHa  pa3jn-iHHBiM  acnexTaM  i-i  3a^anaM  flHHaMHKH  cucTeM  Taxoro  Tima,  c  pa3pa6oT- 
xoft  MeTO,zi,OB  h  opeHOx  b  MO,a,ejii'ipoBaHHii  n  aHajni3e  na  ocHOBe  o6o6m,eHHoii  MeTO,a,ojioriiH,  ciiHTe3iipyioni,eH 
H^en  h  MeTO,n,Bi  Teopini  ycTonmiBOCTn  h  aciiMnTOTiinecxiie  MeTO,n,Bi.  PacnuipeHHBiH  no.gxo,!],,  (fopMHpyeMbui  Ha 
MeTO,a,ax  A.M.  JlanyHOBa  h  HT.  HeTaeBa,  Ha  nocTyjiaTax  ycTOiimiBOCTH  h  cimryjnipHOCTH,  ^aeT  yHHBepcajiBHBiii 
HHCTpyMeHT,  no3BOJi5Hom,im  noflOHTH  x  pemeHino  cjjyH^aMeHTajiBHBix  3a^,an  b  o6m,eii  Teopini  vctohhhbocth 
cjiohchbix  cucTeM  paccMaTpimaeMoro  xjiacca,  Bxjnonaji  npimpim  CBe^eHiiH,  3a^,any  pe,nyxH,ini-,ii,exoMno3Hii,HH.  B 
COOTB6TCTBHH  c  HfleHMi  KjiaccH'iecKHx  paboT  no  Teopini  ycTOHHHBOCTH  (A.M.  .HanyHOB,  H.r.  HeTaeB,  K.n.  Ilep- 
CHflcxHH,  n.A.  Ky3BMHH)  obcyxygaiOTCH  HexoTopnie  nocTaHOBxn  h  salami  npiiMeHiiTejiBHO  x  ocobeHHOCTHM 
cucTeM  CHHryjiapHO  B03Mym,eiiHoro  xjiacca,  nopo>x^i,eHHBiM  xoHxpeTHBiMi-i  npiiMepaMii  (J>H3HHecxoro  co^,ep>xa- 
hhh,  rjih  xotopbix  ncxo^HaH  m arre m arr  h  '  i  ec  xai-r  Mo^ejiB,  co^ep>xamaH  bojiBimie  h  Manxie  napaMeTpBi,  MonceT 
6bitb  npe^CTaBjieHa  b  CTaH^apTHoii  cjropMe  cimryjnipHO  B03Mym,eHHOH  chctombi  c  napaMeTpHnecxiiMii  B03My- 
iHOHHHMH  HeperyjiapHoro  Tima,  xapaxTepHBiMii  rjih  chctom  c  MHoroBpeMeHHBiMii  MacniTa6aMH.  Obcym^aeTCH 
pernem-ie  3a^an  06  ycTOHHHBOCTH  b  xpHTHnecxHx  cjiynanx  (no  A.M.  JhmyHOBy),  npiicymux  npnxjia^HBiM  3a- 
^,anaM  MexaHiixii.  IIccjie^yiOTCH  cimryjnipHO  B03Mym,eHHBie  chctombi  c  ocobeimocTHMii,  cbohctbohhbimh  Mexa- 
HiinecxiiM  CHCTeMaM,  b  cjiynaax,  xor^a  cbohctbo  paBHOMepHoii  aciiMnTOTHHecxoH  ycTOHHHBOCTH  OTcyTCTByeT; 
HeB03Myiu,eHHBie  no^cucTeMBi  Ha  rpaHi-ipe  o6jiacTH  ycToimiiBOCTii;  nopo>xyi,aioiii,He  chctombi  -  ne  hbjijhotch 
npe^ejiBHBiMii  cucTeMaMii;  HOMimajiBHBie  chctombi  —  xBa3ii-TiixoHOBCXHe  (no  H.H.  MonceeBy).  Onpe^ejimoTCJi 
ycjiOBHH  CBe^eHiiH,  npn  xotopbix  3a^,ana  06  ycToimiiBOCTii  .zyra  hcxo^hoh  chctombi  cbo^htch  x  uccjie.gOBaHHio 
annpoxciiMiipyiomeH  s  —  chctombi  MeHBHiero  nopa^xa,  c  opeHxaMH  Tima  H.P  HeTaeBa.  IIpH'ieM,  yxoponeHHaa 
CHCTeMa  HejiiiHeiiHaa,  cimryjnipHO  B03Mym,eHiia5i.  riojiyneHO  pemeHiie  ciiHryjiHpHO  B03Mym,eimoH  salami  06 
ycTOHHHBOCTH  ,H,JIH  CHCTCM,  y  XOTOpBIX  CneXTpBI  COOTBeTCTByiOHI,HX  MaTpim,  -  -  XpHTHHeCXHe  (ll  flJIH  Me^JieHHBIX, 
ii  ^jih  6bictpbix  nepeMeHHBix) .  IIocTpoeHBi  peryjiapHBie  ajiropiiTMBi  ^jih  opeHOx  o6jiacTei"i  3HaHeHiiii  napaMeT- 
poB  CHCTeMBi,  flonycxaiomiix  CBe^emie  b  3a^,anax  ycTOHHHBOCTH.  Obcy»c,ii,eHBi  pe3yjiBTaTBi,  xoTopnie  Be^yT  x 
CTporoMy  o6ocHOBaHino  npimpima  CBe^eHiiH  ^jih  paccMaTpiiBaoMBix  chctom.  IIpHBe^eHHBie  pe3yjiBTaTBi  obob- 
ipaiOT  ii  .nonojiHjnoT  H3BecTHBie  b  Teopini  ycTOHHHBOCTH  (Bxjnonaji  xjiacciiHecxyio  TeopeMy  A.M.  JlanyHOBa 
"O  nexoTopoM  o6o6meHiiii")  npiiMeHiiTejiBHO  x  MHoroMacmTa6HBiM  no  BpeMeHii  CHCTeMaM. 

Abtop  npii3HaTejieH  PoccnftcxoMy  OoH^y  OyH^aMeHTajiBHBix  Hccjie^OBaHiiii  3a  no^n,ep>xxy  iiccjie^OBaHHH. 


Stability  Problems  in  Theory  of  Systems  with  Multi-Time  Scales 

Kuzmina  L.K. 

KAI-KSTU  Kazan,  Russia 

Different  aspects  and  various  problems  of  complex  systems  dynamics  with  multi-time  scales  are  considered  in 
this  research;  main  goal  is  to  generalize  the  classical  results  of  A.M.  Lyuapunov  theorem  for  systems  of  singularly 
perturbed  class;  to  extend  the  statements  for  general  reduction  principle,  for  decomposition  of  stability  property, 
with  estimations  of  N.G.  Chetayev  type,  including  special  critical  cases  on  slow  and  on  fast  variables. 
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yCTOHHHBOCTb,  PO^C^EHHE  I^HKJIA  H  YIIPABJIEHHE 
B  CHCTEMAX  JimyHOBA 

KyHHii,i>iH  A.JI.,  TauiHMOB  Jl.T.,  Txaii  B.H. 

MocKoecKuu  aeuayuonnuu  uHcmumym  (TY),  Poccuh, 

Typen,K0-Ka3axcKuu  ynueepcumem,  UIuMKeum, 

Hncmumyrn  npoUAeM  ynpaejieHUH  PAH,  Mocnea,  Poccuh 

B  OKpecTHOCTri  to'ikh  norcoa  cncTeMa  Ha3biBaeTCH  CHCTeMofi  JIanyHOBa,  ecjin  BBinojiHaiOTca  cjie^yromiie  ycjio- 
biis:  1)  xapaKTepiiCTiinecKoe  ypaBHemie  (XY)  HMeeT,  no  Kpaimeft  Mepe,  o,n,Hy  napy  hiicto  mhiimbix  KopHeii  ±i\; 
2)  ocTajiBHBie  Koprni  XY  He  KpaTHBi  ±*A;  3)  cncTeMa  i-meeT  aHajiiiTiinecKiiii  HHTerpaji  H  =  h{const ).  B  stom 
cnynae  cncTeMa  ^onycKaeT  (TeopeMa  JIanyHOBa)  o^HonapaMeTpiiuecKoe  ceMeiicTBO  nepno^iinecKiix  ^Bi-iacem-iii, 
iipHMh[Kafom,Hx  k  Tonne  noKoa.  B  raMiijiBTOHOBBix  cncTeMax  TeopeMa  JIanyHOBa  cnpaBe^jniBa  h  b  pe30HaHCHBix 
cjiyuaax.  CyipecTByeT  aHajiorn  yKa3aHHBix  pe3yjiBTaTOB  b  o6paTHMBix  cncTeMax. 

HHTepecHBiii  Bonpoc  06  ycTOiiuiiBOCTH  caMoft  tohkii  noKoa  nocTaBjieH  tojibko  He,n,aBHO  [1] .  Apyra-51  HHTepec- 
Haa  npo6jieMa  —  poac^emie  piiKjia  na  KaaynpM  cjjiiKcnpoBaHHOM  ypoBHe  h.  H  HaKOHen,,  ^jia  ci-ictcm  JIanyHOBa 
riHTepecHa  H,n,ea  [1]  o  BBi6ope  ynpaBjiemia,  ncnojiB3yK>mero  cymecTBeHHBiM  o6pa30M  CBoiicTBa  3 aMKHy toh  ch- 
CTeMBI. 

B  flOKjia^e  o6cyx<yi,aiOTca  cjie^,yiomi-ie  Bonpocni: 

1)  ycTOimiiBOCTB  to'ikh  noKoa  b  Hepe30HaHCH0M  caynae; 

2)  ycTonmiBOCTB  to'ikh  noKoa  bo  Bcex  caynaax  pe30HaHca; 

3)  poat^emie  HjiKjia  (Ha  KaayiipM  ypoBHe  HHTerpajia)  b  CHTyapi-n-i,  6jiii3koh  k  pe30HaHCHOi"i; 

4)  BBi6op  ynpaBjieHiia,  o6ecneuHBaioiii,ero  «CKaTBiBaHiie»  k  Tonne  noKoa  no  acriMnTOTrmecKHM  TpaeKToprai  Ha 
HyjieBOM  ypoBHe  h. 

AoKjia,H,  nocTpoen  Ha  pe3yjiBTaTax  [1-3].  Tanace  i-icnojiB3yiOTca  HOBBie  pe3yjiBTaTBi,  nojiyneHHBie  b  o6nj,eii 
Teopilll  yCTOHHIIBOCTH  pe30HaHCHBIX  CHCTeM  [4] . 

PaboTa  BBinojiHeHa  iipn  cjamaHCOBOii  no,zmep}KKe  P0014(07-01-00176)  h  TIporpaMMBi  22  npe3H,n,HyMa  PAH. 
JlHTepaTypa 

[1]  B.H.  Txaii.  YcToiiHHBOCTb  h  ynpaBjieHiie  b  CHCTeMe  c  nepBbiM  HHTerpajiOM / /  AhT.  2005.  N3.  C.  34-38. 

[2]  B.H.  Txaii.  I1hk.ii  b  CHCTeMe,  6jih3koh  k  pe30HaHCH0ii  CHCTeMe / /  nMM.  2004.  T.68.  Bbin.2.  C.  254-272. 

[3]  A.JI.  KymipbiH,  B.H. Txaii.  06  ycToimiiBOCTH  b  cncTeMax  JlanyHOBa//nMM.  2006.  T.70.  Bbin.4.  C.  547-554. 

[4]  A.JI.  KyHHpbiH,  Jl.T.  TaniHMOB.  HeKOTopbie  3aflaaH  ycToituiiBOCTii  HejiiiHeiiHbix  pe30HaHCHbix  cncTeM.  AjiMa-ATa: 
Tbijibim,  1990.  195  c. 


Lyapunov  Systems:  Stability,  Hopf  Bifurcations  and  Control 

Kunitsyn  A.L.,  Tashimov  L.T.,  Tkhai  V.N. 

Moscow  Aviation  Institute,  Russia, 

Turkish- Kazakh  University, 

Institute  of  Control  Sciences  RAS,  Russia 


The  problems  of  Stability,  Hopf  bifurcations  and  Control  for  Lyapunov  systems  are  discussed. 
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HEJIHHEHHblE  HBJIEHHH  B  flHHAMME  BHBPAU^HOHHblX 
MHKPOMEXAHHHECKHX  THPOCKOnOB 

JlecTeB  A.M.*,  Thxohob  A. A.**,  JlecTeB  M.A.** 

*  CaHKm.-nemepOypzcKuu  eocydapcmeennuu  ynueepcumem  aupoKOCMunecKozo 

npuUopocmpoenuH,  Poccuh 

**  CaHKm-nemep6ypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccua 

Bi-i6pau,i-iOHHbie  Mi-iKpoMexaHi-iHecKi-ie  rapocKonBi  (MMr)  othochtch  k  nepcneKTHBHBiM  npn6opaM  coBpeMeHHOH 
TexHiiKii.  B  HacTOHipee  BpeMH  OTeHecTBeHHBiMi-i  HayHHBiMi-i  peHTpaMii  h  npeflnpiiHTHHMH  pa3pa6oTaHBi  npiiHpii- 
nbi  npoeKTiipoBaHHH,  KOHCTpyKTi-iBHBie  cxeMBi  h  KOHCTpyKipin  MMr,  TexHOjioniH  i-i3roTOBjieHiiH,  sjieKTpom-iKa 
Bii6poB036y>K,ii,eHiiH  KOJie6aHiii"i  HyBCTBHTejiBHBix  sjieMeHTOB  h  cteMa  iiHcJjopMapini,  co3,n,aHBi  onbiTHBie  o6pa3n,Bi 
npn6opoB  h  npoii3BO,a,HTCH  hx  SKcnepiiMeHTajiBHBie  iiccjie.n.OBaHHsi.  Ph,zi,om  3apy6e»cHBix  cjnipM  ocymecTBjiaeTCH 
cepiiimoe  npoii3BO^CTBO  npubopoB  3Toro  Tima.  CoBpeMeHHBie  MMr  othochtch  k  npn6opaM  mraKoro  Kjiacca 
tohhocti-i  h  Ha  nepBBiii  njiaH  BBiCTynaeT  npo6jieMa  C03^aHHH  Mi-iKpoMexaHi-iHecKi-ix  npubopoB  HaBi-irapi-ioiiiioro 
Kjiacca.  Pememie  yKa3aHHOi“i  npo6jieMBi  Hapa^y  c  MepaMi-i  cxeMOTexHi-mecKoro  h  KOHCTpyKTopHO-TexHi-mecKoro 
xapaKTepa  CBH3aHO  c  npoBe^em-ieM  TeopeTi-iHecKi-ix  iiccjie^OBaHiiii,  ocHOBaHHBix  na  CTporoM  yneTe  B03Myir,eHiiH 
H  cjjaKTOpOB,  OKa3BIBaK>HJ,HX  BJIHHHIie  Ha  flHHaMHKy  HyBCTBI-ITejIBHBIX  SJieMeHTOB  MMr.  B  ^,OKJia,H,e  H3JiaraK>TCH 
pe3yjiBTaTBi  TeopeTi-iHecKi-ix  uccjie.n.OBaHHH  bjiiihhhh  iiejii-iHeimBix  cjjaKTopoB  Ha  ,ii,HHaMHKy  h  tohhoctb  MMr. 
ripiiBO^HTCH  m aTeM aTHHecKHe  MO,a,ejiH  HyBCTBHTejiBHBix  sjieMeHTOB  npn6opoB,  pe3yjiBTaTBi  aHajn-i3a  bjii-ijihhh 
HejiiiHeiiHOH  3aBHCHMOCTii  ci-iji  ynpyrocTii  no^Beca  h  sjieKTpocTaTi-iHecKi-ix  chji  ot  nepeMememiii  nyBCTBi-iTejiB- 
hbix  sjieMeHTOB,  aHajiii3  flHHaMHKH  ciiCTeM  aBToreHepapiiii  KOjie6aHiiii  HyBCTBHTejiBHBix  sjieMeHTOB  MMr.  Bbi- 
HBJieHBI  HeyCTOHHI-IBBie  BeTBI-I  pe30HaHCHBIX  Kpi-IBBIX  KOJie6aHI-Il“l  HyBCTBI-ITejIBHBIX  3JieMeHTOB  MMr,  HBJieHIIH 
CKaHKOB  aMnjii-iTyn,  h  nacTOT  KOJie6aHi-iii  HyBCTBHTejiBHBix  sjieMeHTOB,  hbjichiih  3axBaTBiBaHi-iH  npn  cjDyHKuyio- 
HiipoBaHi-ii-i  MMr  Ha  Bi-i6pnpyiOHi,eM  ocHOBaHi-iii.  PaccMOTpeHBi  Hejii-meimBie  pe30HaHCHBie  HBjieHira  b  ^i-iHaMiiKe 
MMr  ii  nojiyneHBi  ycjiOBi-isi  ycTOiiHi-iBOCTi-i  HyBCTBHTejiBHBix  sjieMeHTOB  npubopoB  b  pe30HaHCHBix  ciiTyapi-uix. 
ffaHBi  peKOMeH,n,aii,HH  no  ycTpaHemiio  HencejiaTejiBHBix  HBjieHi-iii  b  .jp-maMi-iKe  MMr. 

PaboTa  BBinojiHeHa  npn  no,zmepvKKe  rpama  PO  PHIT  2.1.2.2997.(2006). 


Nonlinear  Effects  in  Dynamics  of  Micromechanical  Vibrating  Gyros 

Lestev  A.M.*,  Tikhonov  A. A.**,  Lestev  M.A.** 

*  Saint  Petersburg  State  University  of  Aerospace  Engineering,  Russia 
**  Saint  Petersburg  State  University,  Russia 

A  micromechanical  vibrating  gyro  is  considered.  The  paper  deals  with  nonlinear  analysis  of  dynamics  and 
precision  of  micromechanical  vibrating  gyros.  The  nonlinear  differential  equations  of  a  gyro  are  evaluated.  The 
influence  of  nonlinear  dependence  between  the  forces  of  elasticity  in  supports  and  the  displacements  of  sensitive 
elements  is  studied.  Nonlinear  dependence  between  the  electrostatic  forces  and  the  displacements  of  sensitive 
elements  is  taken  into  account.  The  dynamics  of  self-sustained  vibrations  of  sensitive  elements  is  analyzed. 
Nonlinear  resonances  in  dynamics  of  a  gyro  are  revealed.  The  stability  of  nonlinear  vibrations  of  a  gyro  is 
analyzed  and  recommendations  to  avoid  undesirable  effects  in  dynamics  of  a  gyro  are  suggested. 

This  work  is  supported  by  Grant  of  RF  PHIT  2.1.2.2997.(2006). 
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AHAJIH3  AHHAMHKH  AHCKPETHbIX  CHCTEM  C  nOMOmblO 
nOCJIEAOBATEJlbHOCTn  ^YHKIIHH  JlfflYHOBA 

JlfainaK  M.M. 

HHcmumym  KOCMUuecKux  uccnedoeanuu  HAHY,  Kuee,  Ynpauna 

PaccMOTpi-iM  ,n,HCKpeTHbie  chctcmm,  omiCBiBaeMBie  BeKTopHBiM  pasHOCTHBiM  ypaBHemieM 

Xn+l  =  n  =  n0,  n0  +  1,  n0  +  2, ...,  Xno  =  X(0),  (1) 

r^e  Xn  —  m-MepHBii"i  BeKTop  (J>a30BBix  KOop/y-maT  CHCTeMti,  'I>(X?l,  n)  -  Hejn-meimaH  m-MepHaa  BeKTop- 
cjDyHKpiia,  orpaHiiHermaH  Ha  jiio6om  orpamiHeHHOM  MHOxecTBe  3HaHeHi-iii  Xn  h  n,  a  TaK*e  paBHOMepHO  Henpe- 
pBiBHaa  b  OKpecTHOCTi-i  TOHKi-i  X  =  0,  no  =  const  >  0. 

TeopeMa  1  (o  flHCCHnaTHBHOCTH) .  Ecjih  ^jih  ciiCTeMBi  (1)  bo  BceM  cjjasoBOM  npocTpaHCTBe  Em  cyryecTBy- 
eT  TaKaa  CKajiapHaa  nojioJKHTejiBHO  onpeyejieHHaH  cjiyHKiyiJi  JlanyHOBa  (Xn,  n),  ,n,onycKaiomaH  6ecKOHeHHO 
6ojibhioh  HH3HIHH  npeyeji  npn  ||Xra||  — >  oo,  hto  b  Em  BBinojiHHeTCH  HepaBeHCTBO 

Avn  +  To(Xn,ri)  ■  [Y0)(Xn,n)  -  Ho]  <  0  VX„  A  0,  n  >  n0,  (2) 

.zyiH  HeKOTopoH  KycoHHO-HenpepBiBHOH  cJjyHKHHH  0  <  r(Xn,n)  <  1  VXn  A  0,  n  >  no,  h  neKOToporo  Hiicjia  yo  > 
0,  to  CHCTeMa  (1)  yiiccHnaTHBHa  b  Em,  a  o6jiacTB  BBi^ejiaeMaa  b  (J>a30BOM  npocTpaHCTBe  HepaBeHCTBOM 

inf  {Y0)(Xn,n)}  <  p0,  (3) 

n>n  o 

HBjiaeTca  ou,eHKon  ee  npe^ejibHoro  MHO^cecTBa. 

TeopeMa  2.  IlycTB  pjm  CiiCTeMBi  (1)  cyipecTByeT  nocjieyoBaTejiBHOCTB  CKairapHBix  cfyHKHHH  Yk\Xn,n) 
( k  =  0,1,2 N  =  const )  Taxi-ix,  hto  Y°\Xn,n)  yupBjieTBopsieT  ycjiOBHHM  TeopeMBi  1.  IIpi-ineM,  .zyia 
Bcex  nocjieyyiomHx  HjieHOB  nocjieypBaTejiBHOCTH  cjiyHKiyiH  Yk\Xn,ri)  (k  >  0)  nojioJKiiTejiBHO  onpe,a,ejieHa 
BHyTpn  o6jiacTii  nBjunomeiicH  opeHKOH  npeyejiBHoro  MHOxcecTBa,  nojiyHaeMoii  c  noMoryBio  <J>yHKnnn 

Yk~  ,  n)  h  BBi,a,ejiHeMaH  b  (J>a30BOM  npocTpaHCTBe  HepaBeHCTBOM  Bi-ma  (3),  ho  c  3aMeHoii  BCioyy  "0"  na 

k  —  1,  a  BHyTpi-i  3Toii  »ce  o6jiacTH  BBinojiHHeTCH  HepaBeHCTBO 

Au^k)  +  Tk(Xn,n)  •  [ Yk)(Xn,n )  -  pk]  <  0  VX„  A  0,  n>n0,  (4) 

PtiiiL  HeKOTopoil  KycoHHO-HenpepBiBHOH  <J>yHKH,HH  0  <  Tk(Xn,n )  <  1  \/Xn  A  0,  n  >  no,  h  neKOToporo  Hiicjia 
/ifc  >  0.  Torya,  ecjin  npn  jiio6om  k  >  0  HOBaa  opeHKa  npeyejiBHoro  MHoncecTBa  f co,a,ep>KHTCH  b  npeyBmymeii 
opeHKe  f }(k~x\  TO  Q(n)  HBjiaeTCH  opeHKoii  npeyejiBHoro  MHOxecTBa  y.HCCimaTHBHOH  b  Em  CiiCTeMBi  (1). 

Ecjih  xe,  Hammas  c  HeKOToporo  kohchhoto  k  cJiyhkhhh  Yk\Xn,ri)  h  Tk(X„,n)  paBHOMepHO  HenpepBiBHBi 
b  OKpecTHOCTi-i  TOHKii  X  =  0,  pa3HOCTB  o6jiacTeii  H  He  HBJIHeTCH  MHOHCeCTBOM  MepBI  HyjIB,  a  TaKHCe 

cyipecTByeT  npn  TV  — »  oo  lim/iAr  =  0,  to  CHCTeMa  (1)  acHMnTOTHnecKH  ycTOiiniiBa  b  Em. 

PaccMOTpeHBi  co^epHcaTejiBHBie  npiiMepBi  npi-iMeHeHiiH  npiiBe^eHHBix  TeopeM  ,zyia  aHajni3a  ^maMUKii  Hejin- 
HeilHBIX  ,II,HCKpeTHBIX  CIICTeM. 


Analysis  of  Discrete  System  Dynamics  Using  Lyapunov  Functions  Sequences 

Lychack  M.M. 

Institute  for  Space  Research  NAS,  Kiev,  Ukraine 


Theorems  useful  for  the  analysis  of  discrete  system  dynamics  are  proved.  Some  applications  of  the  derived  theory 
are  considered. 
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yCTOHHHBOCTb  H  CTABHJIH3AIJH5I  ITHBPH^HblX  CHCTEM 

MajiHKOB  A.H. 

Ka,3a,HCKUu  gocydapcmeemiuu  mexHuuecKuu  ynueepcumem  um.  A.H.  Tynojieea,  Poccuh 

riepeKjiroHeiiiie  Mejxyiy  pa3jiiiHHBiMii  CTpyKTypaMii  cucTeMBi  —  o,n,Ha  H3  oco6ennocTeii  MHoraix  npiiKjia,n,Hbix  iih- 
»ceHepHbix  3a^,au  ynpaBjiem-iH.  HanpiiMep,  ycnjiHTejiH  c  nepeMeHHBiM  K034xJ>iui,HeHT0M  ycnjieHiiH,  nepeKjnoua- 
eMbie  npeo6pa30BaTejin,  peryjiHTop  iniipoTHO-HMnyjiBCHOH  MO^ynapi'iii,  nepeKjnouaeMBie  KOH,n,eHcaTopHBie  cxe- 
mbi,  a  TaK»ce  cucTeMBi  no^aBjiemia  Bubpapiiii  b  ycTpoiicTBax,  iicnojiB3yiOHi,Hx  nepeMeHHyio  acecTKOCTB.  Taxiie 
ciiCTeMBi  Ha3BiBaiOTCH  ri-i6pi'mHBiMii.  MaTeMaTiinecKiie  MO,n,ejiH  hx  /(HHaMi-iKii  BKjnouaiOT  omicaHiie  ii3MeHeHiui 
KOOp,a,IIHaT  COCTOHHIIH  npil  KaJK^OII  (JjIIKCIipOBaHHOH  CTpyKType  B  BI-me  CIICTeM  o6bIKHOBeHHBIX  ^HcjjcjDepeHpiiajIB- 
HBIX  HJIH  pa3HOCTHBIX  ypaBHeHIIH  H  OmicaHiie  CTpyKTypHBIX  H3MeHeHHH,  B  KaneCTBe  KOTOpBIX  paCCMaTpi-IBaiOTCH 
pa3jniHHBie  jioniHecKiie  ycjiOBiia,  onpe,n,ejieHHBie  Ha  3HaHeHiiax  nepeMeHHBix  coctohhiih  h  napaMeTpoB  cucTeMBi. 

B  .gOKjia^e  npe,n,CTaBjieH  o63op  jiiiTepaTypui  no  buiCTpo  pa3BHBaiOHi,eMyc5i  HanpaBjieHiuo  uccjie^OBaHiiii  — 
yCTOHHIIBOCTH  I-I  CTa6lIJIII3aiI,HH  ril6pH,H,HBIX  CIICTeM  C  (J)a30BBIMH  OrpaHHHeHHHMH.  ITpiIBO^HTCH  OCHOBHBie  Teope- 
mbi  MeTO,n,a  (f>yHKii,mi  JInnyHOBa  h  MeTO,n,a  m aTpimHBix  ciiCTeM  cpaBHemia,  MO,a,i'i4»iii,HpoBaHHBie  ^,jia  riibpi-mHBix 
ciiCTeM.  AaiQTca  nocTaHOBKii  3a^an  h  cnoco6bi  ciiHTe3a  ynpaBjieHiia  ^,jia  CiiCTeM  c  cjiasoBBiMii  o rpaH h ( re h h a m h 
Ha  ocHOBe  <J)yHKH,HH  JIanyHOBa  h  JiHHeiiHBix  MaTpiiHHBix  HepaBeHCTB.  PaccMaTpi-maiOTca  npo6jieMBi  o6ecnene- 
HHa  yCTOHHIIBOCTH  CiiCTeM  c  nepeMemioii  CTpyKTypoii,  ajieMeHTBi  kotopbix  aBjiaiOTca  kslk  ycTOiiHiiBBiMii  tbk  ii 
HeyCTOIIHHBBIMH  nOflCHCTeMaMH. 

Pe3yjiBTaTBi,  npe^CTaBjieHHBie  b  jiiiTepaType,  ^aiOT  ,n,ocTaTOHHBie  ycjiOBiia  yCTOHHIIBOCTH  ^jia  HeKOTopnix 
KjiaccoB  rii6pn,n,HBix  chctcm.  AaHHbie  ycjiOBiia  nojiaraiOTca  b  ocHOBy  npaBiui  npoeKTiipoBaHiia  CiiCTeM  ynpaB- 
jieHiia.  B  rn6pn,n,HBix  CHCTeMax  c  Heonpe^eaeiiHOCTaMii  Tpe6yiOTca  peryaaTopni,  npe^HasHaHeHHBie  ^jia  pa- 
6otbi  c  60JIBHIHM  hhcjiom  flonycTHMBix  MO^ejieii.  B  stom  cjiynae  3a^,ana  ynpaBjieHiia  coctoht  b  Haxoxyn.eHiiii 
TaKoii  nocjie^OBaTejiBHOCTii  nepeKjnoHeHini  Mexyiy  peryjiaTopaMii,  KOTopaa  6bi  o6ecneHHBajia  CTa6iuiii3aii,nio 
rn6pimHOH  CHCTeMofi  b  pejiOM.  IIpHBO^aTca,  nojiyHeHHBie  Ha  ocHOBe  JiHHeiiHBix  MaTpiiHHBix  HepaBeHCTB,  ycjio- 
bhh  cymecTBOBaHiia  nocjie^OBaTejiBHOCTii  nepeKjnoHeHHH,  npn  kotopbix  cucTeMa,  cocToaipaa  H3  HeycTOiiniiBBix 
jiHHeiiHBix  no^cucTeM,  6Buia  6bi  ycTOiiHiiBOii. 

Pe3yjiBTaTBi  iijunocTpupyiOTca  npiiMepaMii. 


Stability  and  Stabilization  of  Hybrid  System 

Malikov  A. I. 

Kazan  State  Technical  University  named  by  A.N.  Tupolev,  Russia 

The  survey  of  results  on  stability  and  stabilization  of  hybrid  systems  are  given.  The  results  of  switched  linear 
(stable  and  unstable)  systems  are  discussed.  The  analog  Lyapunov  theorems  are  installed  and  stability  condition 
for  system  with  phase  constraints.  The  problems  of  construction  of  normal  functioning  domain  and  regulator 
design  which  provide  maximal  normal  functioning  domain  are  solved. 
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3AAAHA  OB  yCTOHHHBOCTH,  KAK  BAPHAIJHOHHA5I  3A^AHA  AM 
oymajHH  jranyHOBA,  aBMiomnxca  TPnroHOMETPHHECKHMH 
OyHKIJMMH  AJirEBPAHHECKOn  KPHBOH  PO^A  p 

MaHyfijioB  K.B. 

0A0  HI7K  "BucoKue  TexHOJiozuu" ,  CaHKm-IIemepSypg,  Poccuh 

Pememie  xjiaccHuecxoft  salami  06  ycTOHHHBOCTH  ^bh>k6hhh  (y  [.h  hum  h  '  icc  ko h  cucTeMbi)  mojxct  6biTb  paccMOTpe- 
ho  KaK  aHajiiiTiinecKoe  om-icam-ie  noBe^eHiia  kphboh  na  noBepxHOCTi-i,  ocymecTBjiennoe  nocpe^CTBOM  peinemiH 
,n,ii4)4)epeHLi,iiajibHbix  ypaBHemiii  (tiepaBeHCTB)  ypia  cooTBeTCTByiomux  cbyHKHHH  JlanyHOBa. 

9to  onncaHne  /jbh>k6hhh  ctpohtch  b  abejieBbix  (JjyHKpiiax  ot  p  nepeMeHHbix,  npeflCTaBjunoirpix  co6oi"i  He3a- 
bhchmo  ot  CTenemi  cjiojxhocth  ^hbh>k6hhh  OTHomemiH  npoeKTi-iBHbix  xoop,n,HHaT  b  R 3,  xaxoBbie  cyTb  Tpiiro- 
HOMeTpiiHecKiie  <j)yHXH,HH  ajirebpaiiuecxHx  po,n,a  p.  Ohii  cyTb  OTHomemia  a6ejieBbix  T3Ta-(J)yHKLi,iii"i  BToporo 

nopa,a,Ka,  3aBi-icjnn,i-ix  OT  AByx  KjiaccoB  nepeMemibix  —  jii-i6o  ot  p  apryMeHTOB  i>j  h  — 2  kos <}) <])  h  n  h  e  h  t  o  b 

KBa^paTiiaHoii  (J>opMbi  Tij  (Ha3biBaeMbix  Tax>xe  MoyyjiHMH  nepiio,a,iiHHOCTii) ,  jiii6o  ot  p  apryMeHTOB  m  h  ot 
2p  —  1  MO^yjieii  hi,  H3  kohx  SHaueHira  t13  ii  hi  3aBHCHT  ot  HauajibHbix  ycjiOBHii,  onpe^ejiarorpiix  KOHKpeTHbie 
ajire6paiiHecKiie  xpiiBbie  (TpaexTopini  h h a m h ' i ec ko h  ciiCTeMbi),  npe^CTaBjiaiomHe  co6oi"i  xomiuecxne  ceneHiia 
paHra  p. 

Tax  xax  MO.ny.jiH  cyTb  xopm-i  ypaBHemia  CTenemi  2p  +  2,  o6pa3yK>m,iie  cjio>xHyio  CHCTeMy  ajire6paHHecxiix 
HHBapnaHTHbix  cjjopM,  CBa3aHHbix  Mejxyiy  co6oh  (HanpiiMep,  Bbipaxemra  xoscJn^imiieHTOB  ypaBHemia  CTenemi 
2p  +  2),  3HaHeHiia  xohx  onpe^eaeHbi  HauajibHbiMH  ycjiOBHHMH,  Han6ojiee  ecTecTBeHHO  ccjjopMyaiipoBaTb  3a^,aay 
06  ycTOHHHBOCTH  .gBicxemm  xax  Bapiian,HOHHyio  3a^aHy,  H36paB  ynoMaHyTbie  MO.ny.jiH  p  b  xauecTBe  napaMeTpoB 
BapbiipoBam-iH,  nocTaBjieHHyio  b  cjjopMe  K.  BeiiepniTpacca  -  M.  Kpay3e. 

Otmcthm,  hto  npii  3tom  3a,gaHa  o  npeo6pa30BaHi-n-i  o,h,hoh  ajire6paiiHecxoi"i  xpiiBoii  b  .npyryio  6yzi,eT  onpe- 
^.eneHa  TeopeMoii  5Ixo6h. 

TeopeMa:  ecjiu  odna  cuizeSpaunecKcui  Kpueasi  Mootcem  6umt>  ajizeSpauuecKu  (payuonaAbHo)  npeo6pa306ana  e 
dpyzym  a.azedpauuecKyK)  Kpueyw,  mo  nepuodu  mpuzoHOMempuuecKux  (frywKyuu  omux  Kpueux  6ydym  coomno- 
cumucsi  Mextcdy  co6ou  yejiouucjieHHO. 

0Ta  TeopeMa  omipaeTca  na  CBoiicTBa  ajire6paHHecxiix  xpiiBbix,  onpe^eneHHbie  orpaHimeHiiaMH,  iiaxjia^bi- 
BaeMbiMii  Ha  nx  noBe^,eHiie  CBa3aMH  Meac^y  nepno^aMH  I  h  II  po^a  (iiHTerpajiaMH  I  h  II  po^a)  TpiiroHOMeTpii- 
aecxHx  <J)yHXH,HH  3THx  xpiiBbix  (npaxTHHecxii  jiio6oro  po^a  p  h  jno6oro  nopa^xa) . 


The  Problem  of  Stability  as  Variational  Problem  for  Lyapunov’s  Functions 
Presented  as  Trigonometrical  Functions  of  Algebraic  Curve  of  Genus  p 

Manuylov  K.V. 

Research  and  Production  Company  "High  Technology" ,  Saint-Petersburg,  Russia 

The  problem  of  motion  stability  of  dynamic  system  can  be  considered  as  analytical  description  by  the  Abelian 
functions  of  p  variables  of  algebraic  curve  of  genus  p  behavior  on  surface  by  means  of  the  solving  of  differential 
equations  for  Lyapunov’s  functions.  This  problem  can  be  formulated  as  variation  problem  for  Lapunov’s  functions. 
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yCTOnHHBOCTb  H  HEJIHHEHHA5I  flHHAMHKA  KPATHbIX  CHCTEM 

rnpocnjiOBbix  ctabhjih3Atopob  kocmmeckhx  aihiapatob 

MaTpocoB  B.M.,  Comob  E.H. 

Lfenmp  uccAedoeanuu  ycmounueocmu  u  HenuHeunou  dunaMUKU 
HMAIH  PAH,  Mocnea,  Poccua 
CaMapcnuu  naynnuu  yenmp  PAH,  Poccuh 

B  paMKax  nojiHoii  (HyTapnoHHoii)  Teopmi  rupocKomiHecKiix  ciiCTeM  [1,2]  paccMaTpiiBaiOTCH  Bonpocni  ycToii- 
hiiboctii  h  nejniHeiiHOii  flHHaMHKH  CiiCTeM  chjioboh  nipocKoniiHecKOH  CTa6iijii'i3au,i'ii'i  KOCMH'iecKHx  annapaTOB 
(KA)  [3]  npii  HenojiHoii  ^HCCunanuH.  Ajih  KpaTHBix  chctcm  nipociuiOBBix  CTa6njiii3aTopoB  Ha  ocHOBe  ueTBipex 
h  mecTii  ^.ByxcTeneHHBix  chjiobbix  nipocKonoB  (rupo/yiHOB)  npiiBO^HTCH  pe3yjiBTaTBi  HejiiiHeiiHoro  aHajni3a 
hx  ciiHryjiHpHBix  coctohhiih  h  npe^CTaBjiHK>TCH  HBHBie  aHajiHTH'iecKne  cjjyHKpiiH  pacnpe,n,ejieHiiH  cyMMapHoro 
BeKTopa  KiiHeTi-iHecKoro  MOMema  Menyny  nipo^iiHaMii  ,h,jih  ycTpaHemiH  hx  ii36bitohhocth  h  ciiHryjiHpHOCTii. 
9tii  (JjyHKpiiii  ncnojiB3yK)TC5i  ^ajiee  npn  aHajiiiTiinecKOM  ciiHTe3e  CTpyKTypni  HejiiiHeiiHoro  3aKOHa  ynpaBjieHHH 
rupo/pmaMH  Ha  ocHOBe  MeTO,n,a  jiiiHeapii3yioiii,eH  o6paTHOi“i  cbh3ii.  CTaBiiTCH  h  pemaeTCH  3a,n,aHa  HejiiiHeiiHoro 
aHajiii3a  ycTOiiuiiBOCTii  paccMaTpiiBaeMoii  MexaHHuecKoft  ynpaBjiHeMOii  ciiCTeMBi  c  HenojiHoii  ^HCCHnapHefi  no 
<J>yHKH,HHM  [4,5]  ot  KOop/pmaT  npocTpaHCTBa  ee  coctohhiih,  b  uacTHOCTii  b  OTHOHiemiii  BeKTopa  cyMMapHO- 
ro  KiraeTHnecKoro  MOMeHTa  CiiCTeMBi  nipopiiHOB.  HejniHeimBni  aHajni3  ycTOiiuiiBOCTii  BBinojiHHeTCH  na  ocHOBe 
<J>yHKH,HH  .JlanyHOBa  b  cjjopMe  HJ.  HeTaeBa,  TeopeMa  4.2  b  [5]  o6o6iu,aeTCH  pjin  aHajni3a  ycTOiiuiiBOCTii  npopec- 
cob  chjioboh  nipocKoniiHecKOH  CTa6iuiH3aii,HH  Kopnyca  KA  kslk  TBepporo  Tejia  no  BBi6paHHBiM  <J>y hkh,hhm . 

Ha  ocHOBe  rjio6ajiBHoro  HejiiiHeiiHoro  npeo6pa30BaHHH  HejiHHeiiHBix  acjuiHHBix  ynpaBjiaeMBix  chctcm  k  Ka- 
HOHimecKOMy  npepcTaBjieHiuo,  aHajiiiTiiuecKoro  ciiHTe3a  jiHHeapn3yK>meii  o6paTHoii  cbh3h  c  opHOBpeMeHHBiM 
nocTpoemieM  bcktophoh  <J>yHKH,HH  JlHnyHOBa  (B®  JI)  b  Biipe  coBOKynHOCTii  bcktophbix  hopm  pjin  nopciiCTeM, 
pa3pa6oTaH  KOHCTpyKTiiBHBiii  MeTop  nocTpoemiH  B®JI,  KOTopaa  npiiMeHneTCH  pjin  ciiHTe3a  HejiHHeiiHBix  rupo- 
chjiobbix  CHCTeM  ynpaBjieHHH  opiieHTaipieH  ynpyroro  KA  b  iicxo^hbix  KOopgiiHaTax,  aHajiioa  hx  piiHaMiiuecKiix 
cbohctb  h  nojiyneHHH  rapaHTiipoBaHHBix  opeHOK  KanecTBa,  b  tom  uiicjie  pjiH  ciiHTe3a  po6acTHoro  (b  OTHOHiemiii 
CTpyKTypHBix  h  iiapaMCTpu'iecKHx  B03MymeHHi“i)  H,nc[)poBoro  ynpaBjieHHH  rupopiiHaMii  npn  nenojiHOM  ii3Me- 
pemiii  coctohhiih  [6,7].  9c[xJ>eKTHBH0CTB  co3paHHBix  MeTopoB  nopTBepncpaeTCH  pe3yjiBTaTaMii  KOMnniOTepHOii 
HMHTapHH  nipociuiOBOH  chctcmm  ynpaBjieHHH  KOHKpeTHoro  pocciiiicKoro  KA. 

PaboTa  noppepncaHa  POOH  (rpaHTBi  04-01-96501,  07-08-97611)  h  nporpaMMoft  iiccjiepoBaHmi  N218  CHpe- 
jieHiiH  SHepreTHKH,  MexaHHKH ,  Mami-iHOCTpoeHiiH  h  npopeccoB  ynpaBjieHHH  PAH. 

JlmepaTypa 
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309-331. 

[6]  Comob  E.H.  PobacTHaa  CTa6HjiH3au,HH  ynpyrnx  KOCMiiuecKiix  annapaTOB  npii  HenojiHOM  jpiCKpeTHOM  H3MepemiH  h 
3ana3jiBiBaHHH  b  ynpaBjieHHH  //  H3BecTiiH  PAH.  Teopira  h  chctcmbi  ynpaBjieHHH.  Ne  2.  2001.  C.  124-143. 

Stability  and  Nonlinear  Dynamics  of  the  Spacecraft  Multiple 
Gyromoment  Stabilizer  Systems 

Matrosov  V.M.,  Somov  Ye. I. 

Stability  and  Nonlinear  Dynamics  Research  Center  of  the  IMASH,  RAS,  Moscow,  Russia 
Samara  Scientific  Center,  Russian  Academy  of  Sciences,  Russia 

In  the  frame  of  complete  (nutation)  theory  of  gyroscopic  systems,  the  stability  and  nonlinear  dynamics  problems 
by  the  gyromoment  systems  for  a  spacecraft  stabilization  at  incomplete  dissipation  are  considered.  Nonlinear 
analysis  of  stability  for  the  mechanical  controlled  systems  with  respect  to  functions  of  their  state  space  coordinates, 
is  carried  out  by  Lyapunov  function  in  the  N.G.  Chetayev  form.  Method  of  vector  Lyapunov  functions  (VLF)  is 
applied  in  cooperation  with  the  exact  feedback  linearization  technique  for  dynamical  synthesis  of  a  gyrodines’ 
robust  digital  control  at  incomplete  discrete  measurements  of  the  spacecraft  state.  Some  results  on  dynamic 
properties  by  Russian  spacecraft  attitude  gyromoment  digital  control  system,  are  presented. 
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STABILITY  THEORY  AND  NONLINEAR  OSCILLATIONS 


OIIEHKH  YCTOHHHBOCTH  ,H;BH>KEHH5I  CHCTEM  METO^OM 

An®OEPEHu;nAJibHbix  hepabehctb  rrr  oyHKijHH  JianyHOBA 

BO  BJICDKEHHbIX  OBJ1ACTHX 
MejIBHHKOB  r.H. 

CaHKm.-nemepSypzcKuu  gocydapcmeemtuu  ynueepcumem 
UH(f)op.MIav)uoHHMX  mexHOJiosuu,  MexanuKU  u  onmuKU,  Poccuh 

ffjisi  nojiyueHira  yTOUHeHHBix  oqeHOK  KauecTBa  ycToimHBOCTH  ^bh>k6hhm  iiejiiiHeiiHBix  ^HHaMiiuecKiix  cncTeM 
b  KOHe^HOH  o6jiacTii  npocTpaHCTBa  coctohhiih  npe^jioxen  npopecc  nocTpoemiH  KOHeuHoro  MHOxcecTBa  nojio- 
>KiTTejiBHO  onpe^ejieHHBix  cjjyHKHHH,  npiiMeHsieMBix  bo  BjioxceHHBix  o6jiacTax  hjih  b  KOJiBqeBBix  o6jiacTHx.  IIo- 
cpe,n,CTBOM  HopMripoB am-ia  cjDyHKpuii  JlanyHOBa  Haxo,a,HTCH  o,h,ho  .giKfxfiepeHiijiajiBHoe  ypaBHemie  c  KycouHO- 
HenpepbiBHoii  npaBoii  uacTBio,  onpe,a,ejiHK>iii,ee  xapaKTep  3aTyxami5i  nepexo,n,HBix  npoqeccoB,  npii6jiii>KeHiiH 
flBHJKeHHH  k  HeB03Myin,eHHOMy  ^BiixeHiiio.  PaccMaTpiiBaeTca  TaioKe  cjiyuaii  ^Byx  npnTHrHBaioiunx  peHTpoB 
c  npiiMeHeHiieM  nojiojKHTejiBHO  onpe,n,ejieHHOii  cjiyHKqnii  b  kojibupboii  o6jiacTi-i  h  3HaKonepeMeHHBix  cjiyHKHHH. 
ITo,nAep>KaH  rpaHTOM  POOH  06-08-01338 

JlHTepaiypa 
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emie,  1975.  -  200  c. 

MejiBHiiKOB  r.H.  06  ycTOiiHiiBOCTii  ^.BiuKeHiia  b  kojibiipboii  o6jiacTii  //  MaTeMaTiiaecKaa  t})ii3HKa.  -  1979.  - 
Bbih.  26.  -  C.  62-65. 

MaTpocoB  B.M.  MeTO,n,  BeKTopHBix  cjiyHKHHH  JIsmyHOBa:  AHajiii3  ^HHaMH'iecKux  cboiictb  HejiimeiraBix  ciiCTeM.- 
M.:  On3MaTjiHT,  2001.-384  c. 


A  Method  of  Differential  Inequalities  for  Lyapunov  Functions  in  Estimations 

of  System  Stability  in  Enclosed  Areas 

Melnikov  G.I. 

Saint-Petersburg  State  University  of  Information  Technologies,  Mechanics  and  Optics,  Russia 

This  paper  presents  a  new  method  for  nonlinear  systems  stability  estimation  in  a  final  area  of  state  space. 
This  method  uses  a  final  set  of  positively  definite  in  enclosed  areas  functions  or  positively  definite  in  ring  areas 
functions.  The  normalization  of  Lyapunov  functions  is  used  to  obtain  the  differential  equation  with  the  piecewise 
continuous  right  part.  This  equation  determines  the  transient  performance  of  the  system.  The  application  of  the 
positively  definite  in  a  ring  area  function  and  the  sign- varying  functions  to  a  case  of  two  centers  of  attraction  is 
considered. 
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HHCJIEHHblH  METOA  AHAJIH3A  KAPTHHbl  BETBJIEHHH 
CymECTBEHHO  HEJIHHEHHbIX  yPABHEHHH 
B  HACTHbIX  nPOH3BOAHbIX 

06o,a,aH  H.n.,  r pomob  B.A. 

HenponempoecKuu  nayuonaAbHuu  ynueepcumem,  Ynpauna 

IIpe^jiaraeTCH  mcto/i,  nocTpoemiH  BeTBeii  BTopiiHHoro  h  TpeTiiHHoro  BeTBjiemiH  //ByMepHoii  KpaeBoii  salami 
HejiiiHeiiHoii  Teopiiii  o6ojioueK  h  aHajni3a  cooTBeTCTByiomux  tohck  6ii(J>ypKaij,HH.  PaccMaTpimaeTCH  Bapnapii- 
omiaH  nocTaHOBKa  salami,  pememie,  npe^,CTaBjieHHoe  b  Bime  npoii3Be/i,eHHH  //Byx  c^y™1!1™  o/jHoft  Koop/pma- 
tbi,  Haxo/piTCH  HTepaTiiBHO.  YKa3aHHbie  cJjyHKnun  OTbiCKiiBaiOTCH  KaK  pemeHiiH  o/piOMepHbix  KpaeBbix  3a/i,aH, 
nojiyneHHbix  113  ycjiOBiiii  CTapiiOHapHOCTii  Bapiiai/HomiOH  3a^aHii.  B  KauecTBe  KOScjrcjnmHeHTOB  b  ciiCTeMax 
o6biKHOBeHHbix  ^iicjDcjDepeHpiiajibHbix  ypaBHeHiiii  BbiCTynaiOT  onpe^ejieHHbie  HHTerpajibi  ot  pemeHHit  //aHHbix 
KpaeBbix  3a^aH,  nojiyueHHbix  Ha  npe/jM/iymeft  HTepaipiH,  h  iix  npoii3BO/i,Hbix.  KpaeBbie  3a/i,aHH  pemaiOTCH  Me- 
to/i,om  CBe^eHiiH  k  SKBiiBajieHTHoii  3a,a,aHe  Korun  Ti-ma  MeTO/i,a  HbiOTOHa.  JUjisl  OTbiCKamiH  y/i,aHHoro  nauajibHoro 
iiPh6j[h>k6hhh  /i,jih  //aHHoro  HTepai/HOHHoro  npopecca  ncnojib3yeTCH  MeTO/i,  npo,a,oji>KeHiiH  no  napaMeTpy  BHern- 
Hero  B03^eiicTBHH;  npn  //BinKeHiiii  no  napaMeTpy  cjuiKCiipyiOTCH  ocoSbie  tohkii  [1]:  npe/i,ejibHbie  tohkii  ii  tohkii 
6n<J)ypKan,HH.  IIpe/i,ejibHbie  tohkii  o6xo/i,htch  c  noMOin,bio  CMeHbi  Be/i,yrn,ero  napaMeTpa;  /yin  nojiyneHiiH  BeTBeii 
pemeHHH,  hcxo/i,hiii,hx  H3  tohkii  6n4)ypKan,HH,  ncnojib30BajiCH  MeTO/i,  B03Mynj,eHiiH. 

B  nanecTBe  npiiMepa  npriMeHemiH  //aHHoro  MeTO/i,a  6buia  nocTpoeHa  KapTima  BeTBjiemiH  HejiiiHeiiHoii  npae- 
boh  3a,a,anH  Teopini  o6ojioneK  /yin  cjiynan  pnjiHH^pnnecKOH  o6ojiohkh.  OKa3ajiocb,  hto  CTpyKTypa  BeTBjieHiiH 
HejinHenHon  KpaeBoii  3a,a,anH  /pm  u,iuiiiH/ipHHecKOH  o6ojiohkh,  noz/BeprayToii  //encTBino  paBHOMepHoro  oceBO- 
ro  c>KaTHH,  xapaKTepii3yeTCH  cne/zyron/nMn  Ti-maMi-i  BeTBeii  pemeHiin:  ncxo/zHn/nii  H3  HyjiH  KOop/pmaT  ctboji; 
BeTBn  peryjinpHbix  b  o6oiix  nanpaBjieHiiHx  pemeHiiii;  BeTBii,  KOTopbiM  cooTBeTCTByiOT  pememiH  c  o/i,hhm  hjih 
HecKOJibKHMH  noncaMH  bmhthh  —  to  ecTb  pemeHiiH  peryjinpHbie  b  OKpyncHOM  HanpaBjieHiiii  n  jiOKajibHbie  b  npo- 
//ojibhom;  jiOKajibHbie  BeTBn,  KOTopbiM  cooTBeTCTByeT  jiOKajibHan  b  o6oiix  HanpaBjieHiiHx  cjropMa  hjih  rpynna 
bmhthh,  jie>Kaiii,Hx  b  o/i,hom  noHce,  —  jiOKajibHbie  b  o6ohx  nanpaBjieHiiHx  peinemiH.  Ilpn  stom,  Ka»c/i,biH  nocjie/i,y- 
lomnii  ran  BeTBii  OTBeTBjineTCH  ot  npepbmymero:  OTBeTBjiemie  peryjiHpHbix  BeTBeii  ot  CTBOJia  conpoBO»c/i,aeTCH 
Bbipo>K/],eHHeM  onepaTopoB  o6enx  KpaeBbix  3a/i,an,  OTBeTBjienne  BeTBeii  peryjiHpHbix  b  OKpyjKHOM  n  jiOKajibHbix 
b  npo/i,ojibHOM  HanpaBjieHiie  pememiii  conpoBO>K/i,aeTCH  BbipoHyz/eiiiieM  npo/puibHoro  onepaTopa,  OTBeTBjienne 
jiOKajibHbix  BeTBeii  —  BbipoHcpeiiiieM  OKpyncHoro  onepaTopa.  JXjisi  /taHHoii  3a//ann  xapaKTepHO  //BynpaTHoe  bbi- 
poHcpemie  b  TOHKax  6n<J)ypKan,HH,  cjriiKCiipyeMbix  Ha  CTBOJie  h  bctbhx  peryjiHpHbix  cjropM,  h  o/i,HOKpaTHoe  /yia 
Bcex  ocTajibHbix  ToneK  6m}:)ypKanHH. 

CTpyKTypa  BeTBjieHiiH  HejiiiHeiiHoii  KpaeBoii  sa/pi'ni,  omicbiBaiomeii  noBe/zemie  H,HjiHH//pHnecKoii  o6ojiohkh, 
no/i,BeprHyToii  /teiicTBino  paBHOMepHoro  BHeniHero  //aBjieHiiH,  xapaKTepii3yeTCH  HajiiinneM  cjie/tyioiHHx  BeTBeii: 
ctboji,  BeTBi-i  peryjiHpHbix  cjjopM,  BeTBi-i  jiOKajibHbix  cjjopM;  npn  stom  BeTBii  peryjiHpHbix  cjjopM  otb6tbjihiotch  ot 
CTBOJia,  a  BeTBii  jiOKajibHbix  (JiopM  OTBeTBjiHiOTCH  ot  BeTBeii  peryjiHpHbix  (JiopM  [2] .  B  iieKOTopbix  cjiynaHx  cJjiik- 
cupoBajiocb  h  TpeTiiHHoe  BeTBjiemie.  Bee  oco6bie  tohkii  b  //aHHoii  3a/3,ane  CBH3aHbi  c  BbiponyueHi-ieM  OKpyncHoro 
onepaTopa  h  b  o6m,eM  cjiynae  xapaKTepii3yiOTCH  o/i,HOKpaTHbiM  BbipoHc/jeHiieM. 

nojiyneHHbie  pememiH  npo/zeMOHCTpupoBajiii  xopomee  cooTBeTCTBiie  c  H3BecTHbiMii  SKcnepiiMeHTajibHbiMH 

/plHHbIMH. 
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The  Numerical  Method  for  Non-Linear  PDEs  Branching  Analysis 

Obodan  N.I.,  Gromov  V.A. 

Dnepropetrovsk  National  University,  Ukraine 

The  new  iterative  method  intended  to  solve  essentially  non-linear  PDEs  is  put  forward.  The  method  coupled 
with  the  path-tracing  method  allows  to  construct  primary,  secondary,  and  so  on  bifurcation  paths  and  analyze 
respective  points  of  branching.  The  method  doesn’t  depend  on  the  approximative  functions’  order  and  type 
shemas  to  ensure  structural  stability  of  the  analysis.  The  non-linear  shell  theory  equations  are  solved  with 
employment  of  the  method. 
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HH>KErOPO^CKHH  nEPHOA  >KH3HH 
AJIEKCAHAPA  MHXAHJIOBHHA  JlfflYHOBA 

riaKuiHHa  H.A. 

Ap3dMaccKuu  noAumexHuuecKuu  uHcmumym  (cfiuAuaA  HTTY),  Poccua 

He  Bbi3biBaeT  coMHemra  Heo6xo,n,HMOCTb  cepbe3Horo  HsyieHHH  /jeHTejiBHOCTii  KpynHbix  yneHbix.  Ecjiii  roBopiiTb 
o  Teopiiii  ynpaBjieHiia,  to  3Be3,n,OH  nepBOii  BejiiiHimbi,  HecoMHeimo,  HBjiaeTCH  axa^eMi-iK  AjieKcaH,n,p  MuxaiT 
jiobiih  .HanyHOB  (1857-1918).  A.M.  JlanyHOB  —  ochobohojioxchiik  coBpeMeHHOii  Teopiiii  ycTOHHHBOCTH.  Tpya,bi 
.HanyHOBa  cjiyjKHjin,  h  6ya,yT  cjiyxaiTb  HenccHKaeMbiM  hctohhhkom  rjih  TBopnecKOH  ,a,eHTejibHOCTH  mhotiix 
noKOJieHiiii  MexamiKOB  h  MaTeMaTiiKOB. 

IlHcjjopMapiiio  o  }kh3hh  h  ,zi,eHTejibHOCTH  A.M.  .HanyHOBa  mo*ho  Haimi  Ha  MHoroHiicjieHHbix  caiiTax.  Bo 
Bcex  6 h o i  p a<]:> n '  i  ec  k  h  x  cnpaBKax  roBopiiTCH  o  tom,  hto  po/puica  oh  b  HpocjiaBjie,  ynmicji  h  pa6oTaji  b  CaHKT- 
neTep6ypre,  cboio  3HaMeHHTyio  /piccepTapmo  Haraicaji  b  XapbKOBe,  a  yMep  b  O^ecce.  Ho  CKa3aTb,  hto  b  ero 
6iiorpa4)HH  coBceM  ne  ocTajiocb  «6ejibix  njrreH»  h  HeTOHHOCTen  Hejib3H. 

>Kh3hb  Bejii-iKoro  MaTeMaTiixa  6buia  TecHO  CBH3aHa  c  HiiHceropo^CKoii  3eMjiefi  b  TeneHHH  ^piiiTejibHoro  nepn- 
o,n,a.  9to,  npexyne  Bcero  .geTCTBO,  KOTopnie  oh  npoBeji  b  TenjiOM  CTaHe  (HbiHemnee  Ha3BaHiie  —  CeneHOBo)  h  b 
Bojio6oHOBe  (Ha  TeppiiTopnii  niuibHCKoro  paiioHa).  B  19  Bene  sti-i  3eMjni  othochjihcb  k  Chm6hpckoh  ry6epHini, 
a  ceiinac  sto  HiiHceropo^CKaa  o6jiacTb. 

Ho  oco6eHHO  Majio  HHcfopManiiH,  npe^,CTaBjieHO  no  Hiinceropo^CKOMy  nepno^y  jkii3hh  ceMbii  JlanyHOBbix, 
T.e.  nepno^y,  KOTopbiii  oxBaTbiBaeT  c  1870  ro^a  no  1876,  a  psm  (J>aKTOB  ero  6iiorpa4)HH  ,n,o  He,n,aBHero  BpeMemi 
BOo6m,e  6biji  Hei-i3BecTeH .  A  Be,n,b  hmchho  b  to^bi  yne6bi  b  rHMHa3HH  y  MaTeMaTHKa  3aKjia^biBajiCH  tot  caMbifi 
cj^yH^aMeHT,  KOTopbiii  b  6yn,ym,eM  CTaHeT  onopoii  pjm  HaynHbix  iiccjie^OBaHHii  h  OTKpbiTiiii.  JleTOM  1870  ro^a 
ceMbH  .HjmyHOBbix  nepeexajia  b  Hhjkhhh  HoBropo,n,.  11  aBrycTa  1870  ro^a  ,n,OKyMeHTbi  Caimi  6bijih  no^aHbi 
b  Hi-raceropo^CKyro  Ty6epHCKyio  riiMHasi-no.  no  pe3yjibTaTaM  BCTyniiTejibHbix  HcnbiTaHHft  28  aBrycTa  Carna 
6biji  3aHi-icjieH  b  3-fi  Kjiacc.  B  IfeHTpajibHOM  ApxiiBe  HiiHceropo^cKOH  o6jiacTii  (IfAHO)  coxpaHiijiocb  mhoto 
^.OKyMeHTOB,  KacaiorpiixcH  o6yHemiH  b  riiMHa3Hii  AjieiccaH/ipa  JlanyHOBa: 

•  9K3aMeHan,HOHHbiii  cmicoK  ynemiKOB  riiMHasiin  1870-1871  ro^a; 

•  MHoroHiicjieHHbie  Be^OMOCTii  06  ycnexax  h  noBe^emiii  yneHiiKOB  Hi-raceropo^CKOH  riiMHasnii  3a  1870- 
1876  ro^bi; 

•  nporpaMMbi  BbinycKHbix  3K3aMeHOB ; 

•  ATTecTaT; 

•  KjiaccHbie  KOH/iyHTHbie  ncypHajibi  t.^,. 

B  apxiiBe  6buiii  oSHapynceHbi  MaTepiiajibi  o  tom,  hto  b  1873  ro^y  AjieiccaH/ipy  JInnyHOBy  6bijio  Bbi^aHO 
CBimeTejibCTBO  Ha  npaBO  ,n,aBaTb  nacTHbie  ypoKii.  9to  roBopiiT,  c  o,h,hoh  CTopoHbi  o  ero  ycnexax,  a  c  .npyroil  06 
onpe^ejieHHbix  MaTepnajiBHbix  Tpy^HOCTux  ceMbii.  B  CTapmiix  Kjiaccax  y  A.M.  JInnyHOBa  nonBiuiocb  CTpeM- 
jieHi-ie  k  TOHHbiM  riaynaM,  KOTopbiM  oh  yn,ejiHji  MHoro  BHi-iMam-iH.  T HMHa3Hio  AjieKcaH,a,p  HanyHOB  okohhiiji  c 
30jiotoh  Me^ajibio.  Abtopom  6buiH  Haii^eHbi  ^.OKyMeHTbi,  paccKa3biBaioru,He  o  tom,  Kan  no  xo,n,aTaHCTBy  MaTepii, 
Cocjjbii  AjieKcaH^poBHbi,  Hiinceropo^CKiiM  ABOPHHCKHM  Co6paHiieM  eMy  6bijio  Ha3HaneHO  ^eHencHoe  noco6iie, 
b  Bii^e  ,n,BopsfflCKOH  CTiineH,a,HH  Ha  Bee  BpeMH  o6yHeHHH  b  CaHKT-HeTep6yprcKOM  yHiiBepciiTeTe.  Bojibhiiihctbo 
3thx  ^OKyMeHTOB  He  ny6jiiiKOBajiHCb  paHee.  njiaHiipyeTCH  b  ro^i,  150-jieTHero  K>6iijieH  ocjropMHTb  stii  MaTepiiajibi 
h  BbuiOHCHTb  Ha  caiiT  Haniero  iiHCTiiTyTa. 


The  Nizhniy  Novgorod  Period  of  Alexander  Lyapunov’s  Life 

Pakshina  N.A. 

Nizhny  Novgorod  State  Technical  University  at  Arzamas,  Russia 

The  history  of  science  plays  important  role  in  control  education.  In  this  paper  the  little-known  Nizhniy  Novgorod 
period  of  Alexander  Lyapunov’s  life  is  considered.  The  list  of  rare  archival  materials  connected  with  this  period 
is  presented. 
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PABHOMEPHO  ACHMIITOTHHECKH  yCTOHHHBblE 
nHBAPnAHTHblE  MHCDKECTBA  AMOEPEHIJHAJIbHblX 
BKJIIOHEHHH  H  OYHKI^nH  JIFUiyHOBA 

IlaHaceHKO  E.A.,  Tohkob  E.JI. 

Tci,m6o6ckuu  eocydapcmeennuu  ynueepcumem  um.  RP.  /fepcmaeuna,  Poccuh 
ydMypmcKuu  gocydapcmeennuu  ynueepcumem,  Poccuh 

JRir  cjj)iiKcripoB clhhoh  TonojioraiHecKOH  /  pi  h aM h ' tec ko h  criCTeMBi  (E,  /*)  h  3a//aHHOH  cJiyHKHHH  F :  E  x  Rn  — ► 
comp (Rn)  paccMOTpiiM  //iicfxfrepeHii/iajiBHoe  BKjnoueHiie 

x  G  F(fta,  x),  t  G  R  (1) 


h  "oBBinyKjieHiioe"  //iKjxfrepeHi/iiajiBHoe  BKjnoueHiie 

x  G  coF(fta,  x). 


(2) 


riycTB  npii  Ka>K,a,OM  a  G  E  cjryHKi/nsi  t  — >  f  l  a  jiOKajiBHO  jiimmim,eBa,  (JjyHKpiiH  (t,  x)  — »  F(fta ,  a:)  yn,OBjieTBopjieT 
ycjiOBHHM  KapaTeo,a,opii  h  Bcjncoe  pernem-ie  bkjikjhchiih  (1)  onpe,a,ejieHO  npu  t  >  0. 

06o3Ham-iM  S(t,u>),  rpp  =  (a,  X)  G  14  =  Excomp(i?"),  —  ceueHiie  iiHTerpajiBHoii  BopoHKii  BKjnoueHna  (2) 
h  paccMOTpiiM  //iiHaMiiuecKyio  ciiCTeMy  t/4) ,  r/i,e  g tuo  =  (/V,  S(t,u>)).  A8-1166!  Pfl51  3a//aHHOii  HenpepbiBHoii 
(]jyHKHHH  a  — >  M(a)  G  comp(i?”)  nocTporiM  MHOxecTBa  At  =  {w  =  (cr,  X)  G  12:  X  C  M(cr)}  h  Atr  =  {w  = 
(cr, X)  G  12:  X  C  Mr(a)},  ryi,e  Mr(a)  —  r-OKpecTHOCTB  MHorrcecTBa  M(a). 

Onpe/jejieime.  Mhojkbctbo  XI  Ha3BiBaeTca:  a)  no.aocncume.abHO  uneapuaumHUM,  ecjm  gt XI  C  XI  /yia  Bcex 
t  >  0;  6)  ycmouvueo  no.aocncumejibHO  uneapuaumHUM,  ecjm  XI  nojioJKiiTejiBHO  riHBapriaHTHO  h  /yra  jno6oro 
£  >  0  HaimeTca  TaKoe  5  >  0  hto  g tA4s  C  XI e  //jin  Bcex  t  >  0;  b)  acu.unmomuvecKu  ycmouvueu.u,  ecjm  oho 
ycTOHHHBO  nojio>KHTejiBHO  riHBapriaHTHO  h  g tu>  — >  XI  /yin  bchkoh  tohkii  uj,  6jih3koh  k  XL 

06o3HaHiiM  Nr  =  {uj  =  (cr,  x)  G  A4r :  io  XI}.  HenpepBiBHan  cjryHKuyisi  V :  Xlr  —>  R  Ha3BiBaeTcn  g5 yuKyueu, 
Jlsmynoea ,  ecjm  V(uj)  =  0  /pm  Bcex  w  G  <9X1  h  E(a>)  >  0  npii  w  G  X"r.  Aajiee>  <f>yHKIhIH  JlanyHOBa  V 
Ha3BiBaeTcn  onpedejiemo  no.aocncumejibHou,  ecjm  /yia  jno6oro  e  G  (0,r)  Haii/i,eTCJi  Tanoe  5  >  0,  hto  V{oj)  >  5 
npii  Bcex  G  dM£ . 

JJji h  r  >  0  ii  jiOKajiBHO  jinnmHH,eBOH  <J>yHKH,HH  V :  Mr  —>  R,  npe/i,eji 


lim  sup 


V(fST(f»o),y  +  Sh)-V(fa,y ) 

S 


Ha3BiBaeTcn  npou3eodHou  cjryHKi/riii  V  b  tohkc  to  =  ( a,x )  no  iianpaBjieHino  q  =  (r,h)  G  Rx  Rn.  ecjiu 

q  =  (1, ft.),  to  Vp(u>)  =  max  V°(u'q)  Ha3BiBaeTcn  npou3eodHou  V  e  cu.ay  eK.awHenusi  (1). 

hGF(ui) 

TeopeMa.  Ecau  cyv^ecmeyem  onpede.aeHHO  noAocncumejibHasi  tpyrnyufi  Jlsmynoea  V  manati,  umo  Vp(u>)  < 
0  npu  ecex  w  G  Afr  u  d.an  ecex  docmamonno  moaux  a  >  0,  ak>6ozo  uj  G  Sa  =  {x>  G  V(uj)  =  a)  u 
nacHcdozo  pemenuA  ip(t,u )  bkawhchua  (2)  naudemcA  maKoe  r  >  0,  umo  V{gTu> )  a  mo  MHOcncecmeo  Ai 
acu.unmomuv.ecKU  ycmouvueo. 

nojiyueHBi  cjie/i,CTBHJi  stoii  TeopeMBi  /yia  //rKjxJjepeHi/najiBHoro  BKjnoueHiDi  x  G  F(t,  x) 

AHajioniHHBie  yTBeprK/zcHiiH  hmciot  mccto  /yia  cjia6oii  ac h m 1 1 rrorr u ' i ec ko fi  ycTOHuriBOCTii  cjia6o  HHBapiiaHT- 
hoto  MHOxcecTBa  XI. 

Pa6oTa  BBinojiHeHa  npu  cjumaHCOBOii  no/mep>KKe  POOH  (rpaHTBi  04-01-00324  h  06-01-00258). 


Uniformly  Asymptotically  Stable  Invariant  Sets  for  Differential  Inclusions 

and  Lyapunov  Functions 

Panasenko  E.A.,  Tonkov  E.L. 

Tambov  State  University  named  by  G.R.  Derzhavin,  Russia 
Udmurtia  State  University,  Russia 

The  conditions,  under  which  a  positively  invariant  set  in  the  extended  phase  space  of  non-autonomous  differential 
inclusion  is  asymptotically  stable  uniformly  with  respect  to  the  initial  time,  are  under  discussion.  The  conditions 
are  to  be  formulated  in  the  terms  of  Lyapunov  functions. 
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yCTOHHHBOCTb  IIO  JI5fflyHOBy  HEnO,Zi;BH>KHbIX  TOHEK 
nOJinHOMnAJIbHbIX  OTOEPA>KEHHH  B  HEKOTOPbIX 
KOMIIAKTHblX  KOJIblJAX 

IleTpoB  H.H. 

CaHKm.-IJemepUypzcKuu  eocydapcmeenHuu  ynueepcumem,  Poccuh 

B  poKjiape  paccMaTpi-maiOTCH  HeKOTopBie  Mopejni  b  h  e  h  p  o  <f>  h  3  h  o  j  i  o  ih  h  ,  HMeroipne  KOZHumuenuu  cmbicji.  Co- 
crraBj[HK)inHMH  Kanypoii  TaKofi  Mopejni  hbjijhotch:  mo3Z,  coctohhi;hh  H3  CHeTHOii  jinHeimo  ynopjipoHeHHOH  penn 
HeiipoHOB,  h  AozuuecKUu  onepamop,  npeo6pa3yK>in,iiii  iiHcjDopMapnoHHoe  cocTOsmue  stoii  penn.  IlHcjDopMapii- 
OHnoe  cocTOHHiie  neiipoHa  xapaKTepioyeTCH  o^hhm  h3  Hiiceji  0,1  1,  r,ge  m  —  hiicjio  ypoBHeii  ero 

MB036yjK,a,eHiiH".  B  npocTeiimeM  cjiyuae  m  =  2  HeiipoH  mcckst  HaxopiiTBCH  tojibko  b  pByx  coctohhhhx:  firing 
h  nonfiring.  HHcjropMapiiOHHoe  cocTomine  Bceii  pemi  oniiCBiBaeTCH  pejmiM  m-apii'iecKHM  hhcjiom,  rpe  m  npo- 
H3BOJiBHoe  HaTypajiBHoe  hiicjio,  KOTopoe  Ha  npaKTHKe  pojijkho  onpepejiHTBCH  SKcnepiiMeHTajiBHO.  Mhojkcctbo 
Zm  Bcex  pejmix  m-apwiecKHx  nuceji  npepcTaBjineT  co6oii  KOMnaKTHoe  KOMMyTaTiiBHoe  accopnaTiiBHoe  kojibpo 
c  epHHHpeft.  JIoriiHecKim  onepaTop  P :  Zm  —>  Zm  npepcTaBjineT  co6oi"i  MHoronjieH  c  KOScjDcjmpneHTaMii  H3  Zm. 
rioKa3aHO,  hto  iicnojiB30BaHiie  pejmix  m-apimecKiix  nuceji  BBmyiKpeHo:  om-icam-ie  imcjDopMapHOHHoro  coctoh- 
hiih  pemi  c  noMonipio  BeipecTBeHHBix  nuceji  b  m-HHHofi  ciiCTeMe  chhcjichhh  HeapeKBaTHO.  IlycTB  Xq  G  Zm  — 
HanajiBHoe  imcjiopM apiiotmoe  cocTOsmue  peiui,  KOTopoe  iiHTepnpeTiipyeTCH  xax  "npii6jm>KeHHoe  npepcTaBjieime 
o  npepMeTe  iisyneHira".  ItTepapim  xn  =  P(xn- 1),  n  =  1,2, ... ,  TpaKTyiOTCH  Rare  " yTOHHeHiin "  3Toro  npepcTaB- 
jieHHH.  Ecjih  xn  — >  x*  (b  CTappapTHOii  Tonojiorim  Zrn  ),  to  x*  iiHTepnpeTiipyeTCJi  Kan  "iiCTHHHoe  npepcTaBjieime 
o  npepMeTe  iisyneHiisi".  rZl,OKa3BIBaeTCH>  HT0  ocHKan  HenodeucHcnasi  mouna  onepamopa  P  ycmouuuea  no  Jlsmy- 
noey.  TaxiiM  o6pa30M,  onepaTop  iiMeeT  KorHiiTiiBHBiH  cmbicji:  oii  "hc  nopTiiT"  npepBipyipue  HTepapiin,  ecjni 
ohh  pocTaTOHHO  6jih3kii  k  nenopBiiiKHOH  TOHKe.  IlycTB  x*  —  HenopBiHKHan  TOHKa  MHoronjieHa  P.  Ha30BeM  x* 
tohkoh  I  (II)  Tima,  ecjni  Bee  HTepapnn,  HanimaioipHecji  b  HeKOTopoii  OKpecTHOCTii  x* ,  CTpeMHTCH  (He  CTpeMHT- 
ch)  k  x* .  Bo  Bcex  ocTajiBHBix  cjiynanx  6ypeM  Ha3BiBaTB  x*  tohkoii  III  Tima.  CjiepyioipaH  KjiaccucjmKapHOHHaji 
TeopeMa  poKa3aHa  pjin  m  =  10  ([1,  2]). 

IlycTB  A:  =  P'(x*)  —  3HaHemie  (J>opMajiBHOii  npoii3BopHoii  MHoronjieHa  P  b  TOHKe  x* .  Torpa 
x*  -  TOHKa  I  Tima,  ecjni  h  tojibko  ecjni  A  iiaHimaeTCH  c  0, 
x*  -  TOHKa  II  Tima,  ecjni  h  tojibko  ecjni  A  HaHimaeTCH  c  1,  3,  7,  9  , 
x*  -  TOHKa  III  Tima,  ecjni  h  tojibko  ecjni  A  iiaHimaeTCH  c  2,  4,  6,  8  hjih  5. 

Mojkho  noKa3aTB,  hto  ecjni  m  —  npocToe  hiicjio,  to  III  Tim  HeB03M0»ceH.  B  stom  cjiynae  M3apaHa"  jih6o 
"TpiiBiiajiBHa"  (I  Tim),  jii-160  "He  pemaeTCn"  (II  Tim).  Ecjih  nee,  HanpiiMep,  m  =  10,  to  hto6bi  nojiyniiTB 
"pememie  3apaHii"  pjin  iienopBiivKHOii  tohkh  III  Tima,  napo  npaBiuiBHO  BBi6paTB  HanajiBHoe  npii6jiiiJKeime, 
pjin  nero  Heo6xopiiMO  ncnojiB30BaTB  "imTyiipiiio".  TaKiiM  o6pa30M,  KOJinpa  Zm,  OTBeHaiomne  cocTaBHBiM  in, 
6ojiee  apeKBaTHO  omiCBiBaiOT  npopecc  "pemeHim  3apaHii". 

CjiepyeT  npii3HaTB,  hto  nona  npopeccni  MBimjieHim  jiencaT  3a  npe^ejiaMii  Harnero  noHiiMaHim.  To  nee  mojkho 
CKasaTB  ii  o  npopeccax,  npoTeKaiorpiix  b  MiiKpoMiipe  11a  "njiaHKOBCKiix  paccTOHHiisix".  Om-icam-ie  sthx  npopec- 
cob  Tpe6yeT  hhcjiobbix  nojieft,  otjiiihhbix  ot  nojin  BerpecTBeHHBix  nuceji.  Pa3yMHaa  ajiBTepHaTiiBa  coctoht  b 
iicnojiB30BaHiiii  nojieii  p-apunecKiix  nuceji  c  npocTBiMii  p  hjih  KOJiep  Tima  Zm.  'TeoMeTpiiHecKii"  stot  nepexop 
coctoht  b  3aMeHe  OTpe3Ka  npHMOii  kojibh,om  Zm,  KOTopoe  pjia  jno6oro  m  roMeoMopiJiHO  Kanmopoey  coeepmeH- 
HOMy  MHOCHcecmey.  IIocjiepHee  npepcTaBjiaeT  co6oii  cjipaKTaji,  CTpyKTypa  KOToporo  OTpancaeT  pojiB  "xaoca"  b 
npopeccax,  jiejKaipiix  3a  npepejiaMii  Harnero  nom-iMam-m . 

JlHTepaiypa 

[1]  Ahtohob  A.  B.,  IleTpoB  H.  H.  IlpepejiBHoe  noBepemie  nojiHHOMHajiBHbix  HTepapnit  b  HeKOTopbix  KOMnaKTHbix  KOjibpax 

//  BecTHHK  CI16ry.  Cep.  1.  1996.  Bbirr.  4.  C.  35-41. 

[2]  IleTpoB  H.  H.,  >KnrjieBiiH  A.  B.  O  neTbipex  pemeHHax  ypaBHemia  x2  =  x  //  KBaHT.  1989.  J7S  11.  C.  14-18. 

Lyapunov  Stability  of  Fixed  Points  for  Polinomial  Maps  in  Some  Compact  Rings 

Petrov  N.N. 

Saint  Petersburg  State  University,  Russia 

In  the  talk  some  theorems  on  Lyapunov  stability  of  fixed  points  for  polynomial  maps  in  the  ring  of  integer 
m-adic  numbers  are  presented.  Those  are  used  in  some  cognitive  models  describing  processes  of  thinking.  A 
connection  between  these  problems  and  ones  arising  in  the  study  of  microcosm  is  discussed. 
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HACTOTHblH  METOA  OIJEHKH  yCTOHHHBOCTn  HEJIHHEHHbIX 
MHOrOMEPHbIX  HErOJIOHOMHbIX  CMCTEM,  BKJTOHAIOnjHX 
yriPyrHE  3BEHb5I  C  PACIIPE^EJIEHHblMH  nAPAMETPAMH 

CaHKHH  IO.H. 

yAbjmoecKuu  rocydapcmeemiuu  TexmmecKuu  ynueepcumem,  Poccuh 

B  npe,n,jiaraeMOi"i  pa6oTe  paccMaTpi-iBaeTca  3a^,aua  ycTOHHHBOCTH  HerojiOHOMHoii  ciiCTeMBi,  BKjuouaiomeH  ynpy- 
roe  3BeHO  c  pacnpe,a,ejieHHBiMii  napaMeTpaMH  b  uacTOTHoii  nocTaHOBKe.  B  ocHOBy  nojio»ceHBi  u/ten  H3  pa6oTBi 
[1].  ,HHHaMHXieCKHe  xapaKTepncTHKH  BH3Koynpymx  ciiCTeM  ctpohtch  coraacHO  MeTO^iiKe,  H3Jio»ceHiioi"i  b  pa6o- 
Te  [2],  HcnojiB3yeTca  uacTOTHBiii  KpuTepuH,  bbibo,h,  KOToporo  ,gaH  b  pa6oTe  [3].  npiijioxeniie  KacaeTCH  salami 
KypcoBoii  ycToiiHHBOCTH  aBTOMo6iijiH.  IIpii  3tom  paccMaTpiiBaeTCH  ,a,Ba  BapnaHTa  nocTaHOBKi-i  aa/pum:  1.  b  iuiep- 
pnajiBHoii  ciiCTeMe  KOop^imaT,  ^BicKymeiicH  co  ckopoctbio  aBTOMo6njiH,  h  2.  b  ochx,  CBjraaHHBix  c  ero  paMoft. 
Pa3pa6oTaHa  nacTOTHaa  MeTO^iiKa  onpe,a,ejieHiiH  KpHTH'iecKOH  CKopocTi-i  aBTOMo6iijia  npii  HejiHHeftHOM  B3aiiMO- 
,ZI,eHCTBHH  HIIIH  C  ^OpO>KHBIM  nOKpBITIieM ,  n03B0JIHK>LLI,aH  CcjDOpMyjII-ipOBaTB  Tpe6oBaHIIH  K  yCJIOBI-IHM  flBHHCeHHH 
b  He6jiaronpi-iHTHBix  ,nopo>KHBix  ycjiOBiiax.  B  nepBOM  cjiyuae,  6jiaro,a,ap5i  yueTy  paccesmira  SHepnni,  oco6bie 
to'ikh  nepe,a,aTOHHOi"i  cJ’jvhkhhh  nepexo,a,HT  b  jieByro  nojiynjiocKOCTB,  hto  ,a,ejiaeT  bo3mo>khbim  npiiMeHemie  na- 
CTOTHoro  MeTO,a,a  [4].  Bo  btopom  cjiyuae,  nocjie  jiHHeapnaanuH  ypaBHeHHft  o6T>eKTa,  OKa3BiBaeTca,  hto  cyac^emie 
06  ycTOHHiiBOCTi-i  bo3mo>kho  npii  HyjieBOM  3HaHeHiiii  nacTOTHoro  napaMeTpa.  IIpi-iMeHeHi-ie  uacTOTHoro  MeTO,a,a 
no3BOJiaeT  cpaBHiiTejiBHO  jierKO  yuecTB  bj[hhhh6  flHHaMHuecKHx  xapaKTepiiCTiiK  BO^iiTejia  Ha  KypcoByro  ycToii- 
HHBOCTB  aBTOMo6l-IJIH  [5]. 
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Frequency  Method  for  the  Stability  Estimation  of  Nonlinear  Multi-Dimensional 
Nonholonomic  Systems,  Including  Elastic  Link  with  Distributed  Parameters 

Sankin  Yu.N. 

Ulianovsk  State  Technical  University,  Russia 

In  the  present  work,  the  stability  of  nonholonomic  systems  including  elastic  link  with  distributed  parameters 
is  studied  in  the  frequency  domain.  Applications  are  connected  with  the  vehicle  yaw  stability  at  nonlinear 
interaction  of  tires  with  road  covering  in  disadvantageous  road  conditions.  Two  variants  of  mathematical  models 
are  considered:  1.  differential  equations  are  written  in  the  inertial  frame  of  reference,  and  2.  in  the  frame  of 
reference  bounded  with  the  vehicle  body.  The  employment  of  frequency  method  permits  accounting  the  influence 
of  driver  dynamical  characteristics  on  the  vehicle  stability. 
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STABILITY  THEORY  AND  NONLINEAR  OSCILLATIONS 


HEKOTOPblE  BOnPOCbl  HCCJTE^OBAHHH  yCTOHHHBOCTH 
B  KPHTHHECKHX  CJ1YHAMX  HHTErPO^HcPOEPEHIJHAJIbHblX 

yPABHEHHH  THIIA  BOJlbTEPPA 

CepreeB  B.C. 

BunucjiumeAbHuu  i^eump  um.  A. A.  ffopodnuv/biHa  PAH,  Poccuh 

PaccMaTpi-maiOTCH  iiHTerpo^iicjjcjDepeHpiiajibHbie  ypaBHemisi  c  SKcnoHemp-iajibHO  ybbmaioiipiMH  iiHTerpajiBHbiMi-i 
H,n,paMH  pa3HOCTHoro  Tima  h  rojiOMopcjmon  HejumenHOCTbio,  pasjioxcemie  KOTopoii  b  CTenennoii  pH,n,  b  OKpecT- 
HOCTii  HyjiH  HMeeT  HenpepbiBHbie  no  He3aBHCHMofi  nepeMeriHoii  orpaHiiueHHbie  K09(JxJ)nnneHTh[. 

Hccjie^yeTca  3a,n,aHa  06  ycToimiiBOCTH  no  JInnyHOBy  b  KpiiTiinecKOM  cjiynae  oq,Horo  HyjieBoro  xapaKTepn- 
CTnnecKoro  nonasaTejiH  pernem-iii  jinHeapn30BaHHoro  ypaBHemui  npn  nponnx  OTpnpaTejibHbix  noxasaTejinx. 
AaroTCH  yTBepncfleHiiH  o  neycTonmiBOCTn  HyjieBoro  pememm. 

B  cjiynae,  Kor,n,a  KOScjxfumneHTbi  pa3jio»ceHiui  b  CTeneHHOii  pn^,  p,ns  iiejiiiHenHOCTii  nocTOHHHbi  hjih  SKcno- 
HeHpnajibHO  y6biBaiOT,  Bonpoc  06  ycToimiiBOCTH  b  KpnTnnecKnx  cjiyuanx  o,n,Horo  HyjieBoro  hjih  napbi  nncTO 
MHHMbix  KopHeii  xapaKTepncTimecKoro  ypaBHemui  cbo,h,htc5i  k  aHajni3y  3Haxa  HeKOTopoii  nocTOHHHon ,  Ha- 
3BaHHoii  nocTOHHHon  .JlnnyHOBa.  YKa3biBaiOTCH  TeopeMbi  o  HeycTOimiiBOCTH.  Ecjih  HHTerpajibHbie  jmpa  iiMeiOT 
3KcnoHeHn,najibHO-nojiHHOMHajibHyio  CTpyKTypy,  to  noKasaHO,  hto  nocTonHHan  JIsmyHOBa  nojmocTbio  peniaeT 
Bonpoc  06  ycTonmiBOCTn,  n  cooTBeTCTByiomne  yTBepnc^eHHH  npe^CTaBjnnoT  co6oii  KpnTepnn. 


Some  Problems  of  Stability  Investigation  in  Critical  Cases  for 
Integrodifferential  Equations  of  Volterra  Type 
Sergeev  V.S. 

Dorodnicyn  Computing  Center  of  the  Russian  Academy  of  Sciences,  Russia 

The  Integrodifferential  equations  with  kernels  of  convolution  type  are  considered.  The  problem  on  stability 
in  Lyapunov’s  senses  is  investigated  in  the  critical  cases  on  one  zero  characteristic  exponent  and  two  zero 
characteristic  exponents.  The  statements  on  instability  of  the  trivial  solution  are  given. 
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riEPHOAHHECKHE  PEIHEHM  HEJIHHEHHbIX  CHCTEM 
AMOEPEHIJHAJTbHbIX  yPABHEHHH  C  nAPAMETPOM 

TepexHH  M.T. 

Pn3aHCKUu  eocydapcmeeHHUu  ynueepcumem  um.  C.A.  Ecenuna,  Poccusi 

PaccMaTpi-iBaeTCH  ciiCTeMa  ^iKjKjjepeHpiiajibHbix  ypaBHemiii  BH^a 

x  =  A(t)x  +  f(t,x,  A),  (1) 

b  kotopom  x  —  n-MepHBiii  BeKTop,  A  —  m-MepHBiii  BeKTop-napaMeTp,  Ha  MHOscecTBe  D(Sq)  =  {(t,x,  A):  t  G 
[0,u;],|a;|  <  <5o,  |A|  <  <5o}.  So  —  HeKOTopoe  nojiojKiiTejiBHoe  hhcjio,  MaTpupa  A(t)  h  BeKTop-cJjyHKpiiH  f(t,x,  A) 
onpe,n,ejieHBi,  HenpepbiBHBi,  u>  -  nepno/yiHecKiie  no  t,  f(t ,  0,  A)  =  0. 

CTaBHTca  3a,n,aHa  —  onpe^ejniTB  ycjiOBiia  cymecTBOBamia  HeHyjieBoro  a>nepno,n,HHecKoro  pememiH  cucTeMBi 

(!)• 

Chmbojiom  x(t,a,  A)  o6o3HauaeTca  peniemie  cucTeMBi  (1),  ynpBjieTBopsnomee  ycjiOBiiio  x(t,a,  A)  =  a. 
YcTaHOBjieHO,  hto  pememie  x(t,  a ,  A)  cucTeMBi  (1)  mojkho  npe,a,CTaBHTB  paBeHCTBOM  x(t,  a,  A)  =  X(f)+o(|a|), 
b  kotopom  X(t)  —  4>yH,a,aMeHTajiBHaH  MaTpupa  cucTeMBi  x  =  A(t),  X(0)  =  E,  E  —  e^HHiinHaa  MaTpuqa, 


AonasaHO,  hto  ^jih  toto,  hto6bi  x(t,a,  A)  6bijio  <x>-nepiio,a,HHecKHM  pememieM  cucTeMBi  (1),  Heo6xo,a,HMO  h 
,a,ocTaTOHHO,  hto6bi  BeKTopni  a  h  A  yupBjieTBopHjiii  onepaTopHOMy  ypaBHemno 

F(a,A)+O(|7|fc)  =  0,  (2) 

b  kotopom  F(a,  A)  —  H3BGCTHan  n-MepHaa  BeKTop-(f>yHKu,i'iH ,  7  =  (a,  A),  k  >  2  —  HeKOTopoe  naTypajiBHoe 

HHCJIO. 

B  7,OKjia,a,e  6yayT  npe7,jio>KeHBi  MeT07,bi  pa3pemi-iMOCTi-i  onepaTopHoro  ypaBHemia  (2). 


Periodic  Solution  of  the  Nonlinear  Systems  of  the  Differential 
Equations  with  Parameter 

Teryokhin  M.T. 

Ryazan  State  University,  Russia 

The  problem  of  existence  of  non-zero  w-periodic  solution  of  non-autonomous  system  of  the  differential  equations 
with  parameter  is  investigated. 

It  is  proved,  that  the  system  of  the  differential  equations  has  w-periodic  solution  then  and  only  then,  when  the 
vectors  a  and  A  satisfy  an  equation  F(a,  A)  +  o(|7|fe)  =  0,  F(a,  A)  is  the  well-known  vector-function,  7  =  (a,  A), 
k  >  2  —  natural  number. 
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O  IIEPBOM  METOAE  MIiyHOBA  AM  AMOEPEHAHAJTbHbIX 
yPABHEHMEt  B  BAHAXOBOM  IIPOCTPAHCTBE 

TpeHorHH  B.A. 

MocKoecKuu  eocydapcmeennuu  uHcmumym  cmcum  u  cruiaeoe,  Poccuh 

PaccMOTpi-iM  b  6aHaxoBOM  npocTpaHCTBe  X  ^i-icJAepeHip-iajiBHoe  ypaBHemie  npi-i  t  >  0 

flT 

%  =  A(t)x  +  R(t,x).  (1) 

at 

IIpe,n,nojiaraeTCH,  hto  A(t)  -  3aMKHyTBii“i  jii-meiiHBiH  HeorpaHHHeHHBin  onepaTop  c  njiOTHoii  h  He  3aBiicjnr,en 
ot  t  o6jiacTBio  onpe,a,ejieHiiH,  ,zi,ocTaTOHHO  rjia,n,KHH  h  HBjijnoin,i-n"iCH  npn  KanggOM  npoii3BO,a,Hm,HM  onepaTopoM 
chjibho  HenpepbiBHoii  nojiyrpynnBi  c  3KcnoHeHH,najiBHBiM  y6biBaHi-ieM.  OTHOCiiTejiBHO  HejniHenHoro  onepaTopa 
R(t,,  x)  npe,a,nojiaraeTCH,  hto  oh  ,n,ocTaTOHHO  rjia^Kiiii  h  hto  ^jih  Bcex  t  >  0  R(t,  0)  =  0,  Tax  hto  /fY  (1)  HMeeT 
TpiiBiiajiBHoe  pemeHiie  x(t )  =  0.  PaccMOTpi-iM  rjik  /fY  (1)  3aq,any  Kohih  c  HanajiBHBiM  ycjiOBiieM  a;(0)  =  Xq 
npn  BceB03M0>KHBix  xo,  AOCTaTOHHO  MajiBix  no  HopMe.  Bo3HHKaeT  3a,a,aHa  06  ycTOHHHBOCTi-i  no  UnnyHOBy  Tpii- 
BiiajiBHoro  pemeHHH  /fY  (1).  Ham  no.gxo,!!,  ocHOBaH  Ha  H^ee,  hto  ycTonmiBOCTB  no  JlnnyHOBy  sto  HenpepBiBHan 
3aBricriMOCTB  pememra  ot  HanajiBHBix  3HaneHHH  hjih  .npyrnx  B03Myin,eHHn  paBHOMepHO  Ha  nojionaiTejiBHon 
BeipecTBeHHOH  nojiyocn.  B  pa6oTax  [1]  h  [2]  b  npe^nojiOHceHiin  He3aBiiciiMOCTH  onepaTopa  A  ot  BpeMemi  ,n,o- 
Ka3aH  pjm  TeopeM  cymecTBOBamiH  h  e^HHCTBemiocTii  o6o6m,eHHoro  h  RjiacciinecKoro  pernem-iii  salami  Komu 
b  cnepnajiBHBix  Kjiaccax  SKcnoHeHipiajiBHO  y6BiBaiom,Hx  na  njiroc  6ecKOHenHOCTH  a6cTpaKTHBix  <J)yHKH,HH.  TeM 
caMMM  ycTaHaBjiiiBaeTCH  psm  o6o6m,eHHi“i  KjiaccHnecKOH  TeopeMBi  JlnnyHOBa  06  ycTOHHHBOCTi-i  no  jiiiHeiiHOMy 
(no  nepBOMy)  npn6jin>KeHHio.  HccjieqyeTcn  nan  aHajiriTHHecKi-in  (b  ,n,yxe  nepBoro  MeTO,a,a  JlnnyHOBa)  Tan  n  nea- 
HajiriTHHecKHH  cjiyHan.  B  ^aHHon  npe3eHTan,nn  npe^jiaraeTcn  ^ajiBHeiimee  mnpoKoe  o6o6m,eHne  stoto  npyra 
jnmyHOBCKHx  Hfleft. 
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On  the  First  Lyapunov  Method  for  Differential  Equations  in  Banach  Space 

Trenogin  V.A. 

Moscow  State  Institute  of  Steel  and  Alloys,  Russia 

For  quasilinear  DE  in  the  Banach  space  with  unbounded  linear  part,  the  analog  of  Lyapunov  theorem  about 
the  stability  respect  to  linear  approximation  is  proved. 
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O  3AAAHAX  CJIE>KEHH5I,  YIIPABMEMOCTH  H  CTABHJIH3ALI(HH 
AM  MEXAHHHECKHX  CHCTEM  C  HCII0JIb30BAHHEM 
KOMBHHAIJHH  PA3PbIBHbIX  OBPATHbIX  CB5I3EH  H 
nMnyjibCHbix  ynPABJiEHnn 
$HHoreHKo  H.A. 

Hncmumyrn  dunaMUKU  cucmeM  u  meopuu  ynpaeAenua  CO  PAH,  HpnymcK,  Poccuh 

Hccjie^yeTca  /;Bii>K6HHe  MexaHiinecKiix  chctcm,  npe^CTaBjieHHbix  y  p  a  b  h  e  h  h  h  m  h  JlarpaHnca  BToporo  po,n,a.  H3- 
BecTHaa  paHee  3a^,ana  o  CTafwjniaanHH  ciiCTeMbi  peneirabiMii  ynpaBjiemiHMH  Ha  npimpime  /^6komi[03hhhh  pac- 
CMaTpiiBaeTCH  pjm  cjiyuan,  Kor^a  pejieBoe  mhohccctbo  npeq,CTaBjieHO  pa3pbiBHbiMi-i  no  BpeMemi  cjiy  h  k  u  h  h m h . 
9to  npiiBO,a,HT  k  pe>KHMy  ,zi,eKOMno3Hii,HH  (cKOJib3Hin,eMy  pexaiMy)  CiiCTeMbi  c  KyconHO  HenpepbiBHbiMii  CKopo- 
cthmh,  T.e.  k  o6o6m,eHHbiM  pemeHHHM.  06ecneniiBaeTCH  Tanoe  ^Bi-incem-ie  ,n,o6aBjieHHeM  b  ciiCTeMy  HMnyjibCHbix 
ynpaBjieHiin,  KOTopbie  no3BOJiHiOT  HammaTb  ^Bi-incem-ie  CiiCTeMbi  no  pejieBOMy  MHoncecTBy  Mi-rayn,  nepexo^Hbiii 
npoqecc.  Pojib  paspbiBHoro  no3Hn,noiiHoro  ynpaBjiemiH  (o6binHon  c^ymo^m)  cbo^htcji  npn  stom  k  CTa6njin3a- 
n,nn  pejieBoro  MHoncecTBa  CiiCTeMbi  Menyny  MOMeHTaMi-i  npiuiOHcemiH  HMnyjibcOB.  IlMnyjibCbi  mchhiot  o6o6m,eH- 
Hbie  CKopocTn  ^BinKemiH  no  Bbi6paHHoii  b  npocTpaHCTBe  o6o6m,eHHbix  coctohhiih  TpaeKTopnn  CKanKOo6pa3HO, 
b  nacTHOCTH,  MoryT  o6paTiiTb  i-ix  b  Hyjib  n  Toqga  no3nn,noHnoe  ynpaBjieHiie  CTa6njin3npyeT  KOHenHoe  coctoh- 
nne  CiiCTeMbi.  B  cboio  onepe^b,  Bbi6opoM  TpaeKTopnn  /;bh>kchhh  peinaeTCH  3a,n,ana  ynpaBjineMOCTi-i  chct6mb[, 
T.e.  nepeBO,n,  ee  H3  o^hoto  o6o6in,eHHoro  coctohhiih  b  jno6oe  .npyroe.  06cy:»cyi,aeTCH  noHHTiie  pememiH  CiiCTeMbi 
fln4)4)epeHii,HajibHbix  ypaBHeHnii  c  paspbiBHoii  npaBoii  nacTbio  n  ^,ii4)4)epeHii,HajibHbix  BRjironeHiin  npn  Hajinmin 
b  mix  b  KanecTBe  cjiaraeMbix  o6o6m,eHHbix  <J)yHKn,Hft.  IIpe^jiaraeTCH  cnoco6  onncamiH  TpaeKTopnii  CiiCTeMbi, 
npoxo^Hipiix  nepe3  3a^,aHHbin  Habop  ToneK  (o6o6m,eHHbix  coctohhiih),  flonycKaiomiifi  B3aHMOCBH3aHHbiii  bbi- 
6op  BpeMemi  h  BejiiiHHHbi  HMnyjibCHbix  B03^eiicTBHH.  Ilccjie^yeTCH  3aBiiciiMOCTb  TpaeKTopnn  /;bh>kchhh  ot 
BpeMemi  h  BejHimiHbi  HMnyjibCHbix  BOS^eiiCTBiiii,  o6ocHOBbiBaeTCH  npaBOMepHOCTb  npe^ejibHoro  nepexo^a  ot 
o6biHHOi"i  ciiCTeMbi  c  HeorpaHiineHHbiMii  na  Majmix  npoMencyTKax  BpeMeHi-i  ynpaBjieHHHMH  k  HMnyjibCHbiM  cucTe- 
MaM.  Ilccjie^OBaHHH  npoBO^HTCH  MeTO^OM  CBe^emiH  CiiCTeMbi  ypKjxjrepeHqHajibHbix  ypaBHeHnii  c  o6o6iu,eiiHbiMH 
<J>yHKH,HHMH  k  o6bmHoii  ciiCTeMe  nepe3  3aMeHy  nepeMeHHbix. 

PaboTa  BbinojmeHa  npn  no^mepncKe  rpaHTa  POOH  (npoeKT  N2  06-01-00247)  h  npesi-mnyMa  PAH  (HporpaM- 
Ma  cjjyH^aMeHTajibHbix  iiccjie,n,OBaHHH  N2  22,  npoeKT  2.5) 

On  the  Problem  of  Tracking,  Controllability  and  Stabilization  for 
Mechanical  Systems  with  the  Use  of  a  Combination  of  Discontinuous 

Feedbacks  and  Impulse  Controls 

Finogenko  I. A. 

Institute  for  System  Dynamics  and  Control  Theory  SB  RAS,  Irkutsk,  Russia 

Motion  of  mechanical  systems  described  by  Lagrange  2nd  kind  equations  is  investigated.  The  well-known  problem 
bound  up  with  stabilization  of  a  system  by  relay  controls  on  the  principle  of  decomposition  is  considered  for  the 
case,  when  the  target  set  is  represented  by  the  functions  discontinuous  with  respect  to  time.  This  leads  to  the 
mode  of  decomposition  (sliding  mode)  for  the  system  with  piecewise  continuous  velocities,  i.e.  to  generalized 
solutions.  Such  motion  is  ensured  by  adding  impulse  controls  to  the  system,  such  that  these  controls  allow 
to  start  the  system’s  motion  along  the  target  set,  while  avoiding  transient  process.  The  role  of  discontinuous 
positional  control  (ordinary  function)  is  reduced  in  this  case  to  stabilization  of  the  system’s  target  set  between 
the  moments  of  application  of  the  impulses.  The  impulses  spasmodically  change  the  generalized  velocities  of 
motion  along  a  chosen  trajectory,  in  particular,  these  can  reduce  them  to  zero<  and  then  the  positional  control 
stabilizes  the  system’s  final  state.  In  turn,  by  choosing  the  trajectory  of  motion,  it  is  possible  to  solve  the  problem 
of  system’s  controllability,  i.e.  its  transition  from  one  generalized  state  to  another.  The  concept  of  solution  of  a 
system  of  differential  equations  with  the  discontinuous  right-hand  side  and  the  concept  of  differential  inclusions, 
which  have  generalized  functions  in  the  capacity  of  the  addends,  are  discussed.  A  technique,  which  is  intended  for 
describing  system’s  trajectories  passing  through  a  given  set  of  points  (generalized  states)  and  which  assume  an 
interconnected  selection  of  the  time  and  the  space  of  impulse  effects,  is  proposed.  Dependence  of  the  trajectory 
of  motion  on  the  time  and  the  value  of  impulse  effects  is  investigated;  the  admissible  (lawful)  character  of  the 
limit  passage  from  an  ordinary  system,  which  has  the  controls  unbounded  on  small  time  intervals,  to  impulse 
systems  is  grounded.  The  investigation  is  conducted  by  the  technique  which  implies  reduction  of  the  system  of 
differential  equations  with  generalized  functions  to  a  ordinary  system  by  replacement  of  the  variables. 

The  works  has  been  conducted  with  partial  support  of  the  RFFR  grant  (project  N2  06-01-00247)  and  the 
INTAS-SB  RAS  grant  (Project  N2  06-100013-9019). 
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bektophme  oymajHH  JianyHOBA  n  3Aaahh 

POBACTHOH  CTABnJIH3AD;nn 
<E>y  paeon 

MocKoecKuu  eocydapcmeennuu  ynueepcumem  um.  M.B.  JIoMOHOcoea,  Poccua 

PaccMaTpi-maiOTCH  Tpi-i  Kpyra  BonpocoB,  CBjraaHHBix  c  o6iu,en  npo6jieMOi"i  CTafwjmaanHH  ^HHaMHHecKHx  cncTeM 
b  ycjiOBiiax  napaMeTpnuecKon  Heonpe,a,ejieHHOCTii. 

IlepBBiii  Kpyr  o6pa3yK>T  Bonpocai  crra6nj[H3annn  b 3 a h m o; (,e h c rr ay ro i i;h x  cncTeM  npn  nenojiHoii  nH(f>opMannn 
o  napaMeTpax  nepexpecTHBix  CBjraeil.  Hx  pememie  npoBO,n,HTCH  no  KjiaccHuecKoft  cxeMe  Teopini  ycTonuiiBOCTH. 
CHanajia  Kanc^on  cucTeMe,  paccMaTpiiBaeMoii  H30Jiiip0BaHH0,  CTamiTCH  b  cooTBeTCTBiie  cboh  cJjyHKpHH  JlnnyHO- 
Ba  n  OTBenaiomee  stoii  <J>yHKn,HH  mho^kcctbo  3aKOHOB  ynpaBjiemiH.  3aTeM  HaimeHHBie  (JjyHKpiiii  o6T>e,n,HHjnoTCH 
b  BeKTopHyio  (JjyHKpnio  JlnnyHOBa  n  Ha  ee  ocHOBe  ycTaHaBju-iBaiOTCH  o6m,ne  cooTHomemiH,  npn  BBinojiHemni 
KOTopnix  ycTonmiBOCTB  B3aiiMO,n,eHCTByioiii,Hx  cncTeM  cjie^yeT  H3  ycTonuiiBOCTH  Kaxynpii  H3  hiix. 

Btopoh  Kpyr  o6pa3yK>T  Bonpocai  CTa6iijiH3an,HH  ceMeilcTBa  ^iiHaMiinecKiix  cncTeM.  B  OTjninne  ot  H3BecTHOi"i 
cxeMBi  po6acTHon  CTa6i'ijiii3an,Hii,  Tpe6yioiu,eii  nocTpoemin  o6iu,en  cjjyHKpiin  JlnnyHOBa  pjm  Bcero  CTa6iijiH3iipye- 
Moro  ceMeftcTBa,  3,n,ecB  Haxo^iiTCH  ceMeiicTBO  (J>yHKn,HH  JlnnyHOBa,  onpe^ejunoiipix  o6in,iin  3aKOH  CTa6iijiH3an,Hii. 
IIocTpoeHHBiH  TaKi-iM  o6pa30M  3aKOH  coBna,n,aeT  c  3aKOHOM  ynpaBjiemiH,  OTBenaiorpiiM  o6m,en  (J>yHKn,HH  Jlnny- 
HOBa,  ecjni  3Ta  cjryHKpi-iH  coBna,n,aeT  c  nanc^on  cjDyHKpneii,  Bxo^jnnen  b  nocTpoeHHoe  ceMeiicTBO. 

B  TpeTiiii  Kpyr  bxo,h,ht  Bonpocai,  B03HiiKaK>ru,iie  npn  o6o6ru,eHiin  ycTaHOBjieHHBix  cooTHomeHiin  Ha  salami 
po6acTHOi"i  CTa6Hjni3an,HH  BsariMO^encTByromiix  ceMeiicTB  cncTeM  npn  HenojiHoii  HH<J)opMan,HH  o  cbh3hx  MejK.ny 
hhmh.  B  3tom  cjiynae  Kanc^OMy  ceMeiicTBy  cncTeM  CTaBiiTCH  b  cooTBeTCTBi-ie  CBoe  ceMeiicTBO  (J>yHKn,HH  Jlnny- 
HOBa.  IIocTpoeHHBie  ceMeiicTBa  cjjyHKpiiH,  o6T>e,n,HHHHCB,  ^,aiOT  ceMeiicTBO  BeKTopHBix  (J>yHKn,HH  JlnnyHOBa.  Ha 
ocHOBe  3Toro  ceMeiicTBa  h  cooTBeTCTByrorpiix  cncTeM  cpaBHemiH  (J>opMyjiHpyiOTCH  ycjiOBHH,  no3BOJijnorn,iie  o 
CBoiicTBax  BsaiiMO^eiiCTByromux  ceMeiicTB  cynyiTB  no  CBOHCTBaM  cncTeM,  o6pa3yK>rn,nx  Tam-ie  ceMeiicTBa. 

nPn  paccMOTpeHiiii  jiK>6oro  Kpyra  BonpocoB  H3  MHoncecTBa  <J)yHKn,HH  JlnnyHOBa,  noponc^aiomHx  3aKOHBi 
CTa6i'ijiH3an,HH,  ecTecTBeHHMM  o6pa30M  BBmejnnoTCH  (J>yHKn,HH,  o6jia^aioru,He  cnepnajiBHBiMH  CBOiicTBaMi-i.  B 
nacTHOCTii,  nopo:*yi,aioiii,He  3aKOHBi  ynpaBjieHira,  Haiijiynmiie  b  tom  hjih  iihom  CMBicjie  h  (hjih)  o6ecnemiBaio- 
irp-ie  a6cojiK>THyK>  ycTOiiniiBOCTB  po6acTHO  c  rra6  h  j  i  h  3 h pye m  bi x  cncTeM.  HsjioJKemie  paccMaTpiiBaeMBix  BonpocoB 
iijuirocTpiipyeTCH  MHoroHi-icjieHHBiMi-i  npiiMepaMii. 

PaboTa  BBinojiHeHa  npn  cjumaHCOBon  no,zmep:>KKe  PoccuiicKoro  cj30H,n,a  cjjyH^aMeHTajiBHBix  iiccjie^OBaHHii, 
npoeKT  N2  04-01-00389. 


Vector  Lyapunov  Functions  and  Problems  of  Robust  Stabilization 

Furasov  V.D. 

Moscow  State  University,  Russia 

From  the  unified  point  of  view  on  the  basis  of  Lyapunov  functions  we  consider  three  classes  of  problems  connected 
to  the  general  problem  of  stabilization  for  dynamical  systems  under  parametric  uncertainty.  The  first  class 
contains  the  problems  of  stabilization  of  interacting  systems  under  incomplete  information  on  parameters  for 
cross-connections.  The  second  class  includes  the  problems  of  robust  stabilization  for  the  family  of  systems. 
The  third  one  concerns  the  problems  of  stabilization  for  interacting  families  of  dynamical  systems.  From  the 
synthesized  sets  of  feedback  laws  it  is  possible  to  select  stabilization  laws  that  have  special  properties.  Theory 
is  illustrated  by  numerical  examples. 


TEOPHX  yCTOM’-IMBOCTM  14  HEJIHHEHHblE  KOJIEBAHHX 
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OTHOCHTEJIbHblE  PABHOBECM  THPOCTATA  HA  KPYrOBOH 
OPBHTE  nPH  CHMMETPHHHOM  PACnOJIOHCEHHH 
THPOCTATHHECKOrO  MOMEHTA  OTHOCHTEJIbHO  ErO 
u;EHTPAJibHoro  3JiJiHncoHAA  hhepd;hh 

HaiiKHH  C.B. 

Hncmumyrn  dunaMUKU  cucmeM  u  meopuu  ynpaeAenun  CO  PAH,  HpKymcK,  Poccua 

B  orpaHHHeHHoft  nocTaHOBKe  paccMaTpiiBaeTcn  ;tBH>KeHHe  nipocTaTa  —  TBepgoro  Tejia  c  pacnojioxceHHBiM  b  hcm 
Bpam,aioiii,iiMCH  CTaTH'iecKH  n  ^HHaMnnecKH  ypaBHOBemeHHBiM  MaxoBiiKOM  no  KenjiepoBon  KpyroBOii  op6iiTe  b 
peHTpanBHOM  hbiotohobckom  none  chji. 

C  HcnojiB30BaHneM  HOBoro  Bima  ypaBHemin,  onpe^ejisnomux  OTHOCHTejiBHBie  paBHOBecira  (coctohhiih  no- 
KOH  OTHOCI-ITejIBHO  Op6lITajIBHOH  CHCTeMBI  KOOp,H,HHaT)  CHCTeMBI,  OTBICKIIBaiOTCH  paBHOBeCHH  n  HCCJie^yeTCH  IIX 
ycTonmiBOCTB  b  cnynae  pacnononceHnn  ocn  Bpamemra  MaxoBiixa  b  KaKoft-jmbo  rjiaBHoii  peHTpajiBHoii  nnocKOcm 
imeppnn  rnpocTaTa.  IfeynaeTcn  GinJjypKapnH  paBHOBecnii  chctcmm  b  3aBHCHMOCTn  ot  BejinnnHBi  ee  rnpocTaTH- 
necKoro  MOMema. 


Relative  Equilibria  of  a  Gyrostat  on  a  Circular  Orbit  at  the  Symmetric  Location 
of  a  Gyrostatic  Momentum  with  Respect  to  its  Central  Inertia  Ellipsoid 

Chaikin  S.V. 

Institute  for  System  Dynamics  and  Control  Theory  SB  RAS,  Irkutsk,  Russia 

Gyrostat  motion  is  considered  in  the  limited  statement.  Relative  equilibria  are  found,  and  their  stability  is 
investigated.  Bifurcation  of  system  equilibria  is  studied  as  a  function  of  its  gyrostatic  momentum. 
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HCII0JIb30BAHHE  OTTPEJTE.TTEHTT ST  yCTOLDinBOCTH  nO  JI^nYHOBY 
B  3AAAHAX  yCTOHHHBOCTH  ®OPM  KOJIEEAHHn 
HEJinHEKHbix  ynpyrnx  chctem 

HlMaTKO  T.B. 

Ha/u/uonciAbHuu  mexmmecKuu  ynueepcumem 
"XapbKoecnuu  noAumexHunecKuil  uHcmumym" ,  Ynpauna 

Ilccjie^OBaHiie  .gHHaMHuecKoro  noBe^eHiin  MexaHiinecKiix  ciiCTeM  n  BonpocBi,  CBH3aHHBie  c  h aM h t i ec ko h  no- 
Tepeii  ycTOHHHBOCTH,  othochtch  k  uncjiy  aKTyajiBHBix  npo6jieM,  B03HHKaioiii,Hx  npn  npoeKTiipoBamiH  MHomx 
coBpeMeHHBix  KOHCTpyKprifi.  Pememie  stoh  npo6jieMBi  npiiBO^iiT  k  neo6xo,n,HMOCTH  paccMOTpemin  3a,n,aH  ko- 
jie6aHiii"i  n  ycTOHHHBOCTH  ynpyrnx  CiiCTeM,  pa6oTaK>in,Hx  no,a,  B03,a,eiicTBHeM  iiHTeHCiiBHBix  ^HHaMHuecKHx  h,  b 
nacTHOCTii,  nepiicytH'iecKHx  Harpy30K. 

B  HejiiiHeiiHBix  3a^aHax  c  xaoTH'iecKon  /(HHaMHKoii  aHajiiiTiiaecKoe  iiccjie^OBaHiie  noBe^emiH  cncTeMBi,  a 
TaioKe  iiccjie^OBaHiie  ycTOHHHBOCTH  (J>opM  HejiHHeftHBix  KOJie6aHiii"i  b  cncTeiuax  c  hccko  j  i  b  k  h m h  CTeneHHMi-i 
cbo6o,b,bi  MoaceT  6bitb,  nan  ii3BecTHO,  Kpaime  3aTpya,HeHO.  Abtopom  ^,OKjia,a,a  6biji  npe^jioxeH  scJjcJjeKTiiBHBiii 
HHCJieHHO-aHajiHTHHecKHH  KpH'reptiH  ycTOHHHBOCTH  (HeycTOHHHBOCTii)  (JjopM  KOJie6aHiiii  HejiriHGHHBix  ynpyrnx 
CiiCTeM,  kotopbih  hbjihctch  cjie^CTBiieM  KjiacciiHecKoro  onpe,n,ejieHHH  no  JlnnyHOBy.  HeycTonuiiBOCTB  cjropM 
KOJie6aHiiii  ynpyrnx  chctcm  3,n,ecB  03HanaeT  "nepeKanKy"  SHeprnn  H3  o,h,hoh  cjropMBi  npocTpaHCTBGHHBix  KOjie- 
6aHiiii  b  flpyryro. 

Ahh  npiiMeHemia  npe^jionceHHoro  KpiiTepua  k  iiccjie^OBaHHio  ycTOHHHBOCTH  cjjopM  KOJie6aHnn  kohkpcthbix 
HejiiiHeHHBix  ynpyrnx  chctcm  (n,njiHH,n,pHHecKHx  o6ojiohck,  njiacTHH  n  nojiornx  o6ojiohck  c  3a/3,aHHBiM  njia- 
hom)  6biji  pa3pa6oTaH  hobbih  MeTO,n,  6a3HpyK>m,in1cH  Ha  Teopnn  R-<J>yHKn,Hn,  BapiiapHOHHBix  MeTO,n,ax  n  MeTO,n,e 
PyHre-KyTTa.  IIojiyHeHa  MaTeMaTiiuecKan  MO,n,ejiB  b  Bime  nejinHenHon  chctcm Br  o6bikhobchhbix  ^i-KjMjjepeH- 
pnajiBHBix  ypaBHem-iH.  KosffxfamiieHTBi  chctcmbi  bbihiicjihiotch  mcto,h,om  R-cJjyHKpnii  b  pe3yjiBTaTe  pemeHiia 
nocjie^OBaTejiBHOCTH  KpaeBBix  3a^aH.  C  noMom,Bio  Tanoro  no,gxo,ii,a  pemeHBi  hobbic  3a^3,auH  ^  h  h  a  m  h  h  ec  ko  h  ycToii- 
hhbocth  reoMeTpi-iHecKi-i  HejiHHeHHBix  njiacTHH  cjio>khoh  cjjopMBi  no,n,  fleiicTBHeM  nepno,n,HHecKHx  narpy30K. 
IIojiyHeHO  rpacJn-iuecKoe  H3o6pa>KeHHe  HaimeHHBix  o6jiacTeii  ycTOHHHBOCTH  (HeycTonniiBOCTn)  ^,jia  mnpoKoro 
,n,Hana30Ha  3HaHeHiin  reoMeTpiiuecKiix  n  (])H3hhcckhx  napaMeTpoB  njiacTHH. 

K  ,n,ocTOiiHCTBaM  npe^jionceHHoro  MeTO^a  othociitch  ero  ymiBepcajiBHOCTB  n  bo3mo>khoctb  flajiBHeiiniero 
npiiMeHeHHH  k  mnpoKOMy  Kjiaccy  3a,n,aH  nccjie,n,OBaHHH  ycTOHHHBOCTH  cjjopM  KOJie6aHnii  KOMno3HTHBix  njiacTHH 
n  nojiornx  o6ojiohck  cjiohchoh  cjropMBi  npn  pasjn-iHHBix  cnoco6ax  3aKpenjieHiia. 

JlaTepaiypa 

Mikhlin  Yu.V.,  Manucharyan  G.V.,  Shmatko  T.V.  Lyapunov  definition  and  stability  of  regular  or  chaotic 
vibration  modes  in  systems  with  several  equilibrium  positions.  Computers  and  structures".  -  2004.  -  JVa  82. 
-  PP.  2733-2742. 

Application  of  Lyapunov  Stability  Definition  to  the  Problems  of  Vibration  Modes 

Stability  of  Nonlinear  Elastic  Systems 

Shmatko  T.V. 

National  Technical  University  "Kharkov  Polytechnical  Institute  Ukraine 

Research  method  of  stability  of  forced  nonlinear  vibrations  of  nonlinear  elastic  systems  which  are  under  action  of 
intensive  periodic  dynamic  loads  is  considered.  The  base  of  method  is  using  of  variational  methods,  R-function 
method,  and  "limited  criterion  of  Lyapunov".  Stability/unstability  domains  of  nonlinear  form  vibrations  of 
nonlinear  elastic  systems  are  determined  by  using  designed  software,  based  on  proposed  method.  These  systems 
are  simulated  by  beams,  arches,  plates,  cylindrical  shells  and  shallow  shells  with  the  given  plan  form;  the 
corresponding  mathematical  models  are  constructed.  The  results  of  this  research  can  be  used  by  the  specialists 
for  structural  component  designing  of  modern  constructions. 
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TOWARDS  APPLICATIONS  OF  PROBABILISTIC  INEQUALITIES 
IN  A  ROBUST  CONTROL  PROBLEM 

Chernyshov  K.R. 

V.A.  Trapeznikov  Institute  of  Control  Sciences,  Moscow,  Russia 

In  paper  [1],  a  method  of  finding  a  robust  control  of  a  technological  plant  has  been  proposed,  with  the  technique’s 
entity  is  based  on  using  an  assumption  on  belonging  of  the  technological  plant’s  output  variable  distribution 
to  a  (a  priori  unknown)  class  of  probability  distributions  in  order  to  form  a  domain  of  admissible  controls. 
In  turn,  to  select  representatives  from  the  distribution  class  in  paper  [1],  an  entropy-based  approach  and 
dispersion  analysis  (the  Fisher  criterion).  The  entropy-based  approach  is  a  selection  of  the  distributions  for 
a  "working"  distribution  class  possessing  the  highest  values  of  the  entropy.  But,  from  one  hand  side,  it  is 
well  known  that  such  "worst"  distribution  density  (given  a  variance)  is  always  only  one,  what  particularly  has 
been  confirmed  by  numerical  examples  in  the  same  paper  (Table  2  in  [1]),  and,  from  another  hand  side,  other 
examples,  presented  in  [1],  disprove  themselves  the  assumption  on  a  connection  of  the  entropy  value  and  the 
domain  of  admissible  controls  [2].  At  the  same  time,  in  a  general  case  the  "working"  class  distribution  make-up 
changes  due  to  changing  sample  variances  of  the  model’s  output  variable  at  each  step  (under  invariability 
of  the  initial  class  make-up).  So,  using  the  Fisher  criterion  within  such  a  problem  statement  proposed  in 
paper  [1]  will  formally  be  a  futile  "walking  over  a  circle".  The  present  paper  proposes  a  specification  of  the 
paper  [1]  approach,  oriented  to  investigation  of  sufficient  conditions  guaranteeing  existence  of  the  domain  of 
admissible  controls,  and,  correspondingly,  specification  of  the  conditions  of  selection  of  the  "worst"  distribution 
densities.  The  conditions  are  based  on  applying  the  generalized  Gauss  inequality  [3]  (a  modification  of  the 
Chebyshev  inequality  for  the  arbitrary  unimodal  distribution  densities)  also  referred  in  literature  as  Gauss- 
Vysochanskij-Petunin  one.  A  condition  which  assures  the  possibility  to  select  not  more  than  two  (in  case  of 
the  antisymmetric  distributions)  or  the  only  one  (in  case  of  symmetric  distributions  only)  "worst"  distribution 
densities  of  the  model’s  output  variable  in  the  "working"  class  of  distribution  densities,  and,  consequently,  the 
branch  of  admissible  robust  controls  corresponding  to  that  choice  of  densities.  A  number  of  various  numerical 
examples  is  presented  confirming  the  theoretical  results  described. 

A  possible  supplement  branch  of  specifying  the  domain  of  admissible  controls  (due  to  increasing  adequacy  of 
its  forming)  is  using  a  corresponding  non-parametric  estimation  of  the  distribution  density  of  the  output  variable 
accompanied  by  involving  the  estimated  density  into  the  "working"  class  of  distributions:  issues  of  deriving  such 
estimates,  in  particular,  the  strongly  consistent  estimates,  are  at  present  profoundly  developed,  including  such 
practically  important  cases  as  the  distribution  density  estimation  via  samples  of  dependent  observations  [4]. 
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ON  EXTERNAL  POLYHEDRAL  ESTIMATES  OF  REACHABLE  SETS 
TO  LINEAR  SYSTEMS  AND  SYSTEMS  WITH  BILINEAR  UNCERTAINTY 

Kostousova  E.K. 

Institute  of  Mathematics  and  Mechanics, 

Ural  Branch  of  Russian  Academy  of  Sciences  Ekaterinburg,  Russia 

The  reachability  problem  is  an  essential  theme  in  control  theory  [1] .  Among  different  approximation  methods 
the  techniques  were  developed  for  estimating  reachable  sets  by  domains  of  some  fixed  shape  such  as  ellipsoids, 
parallelepipeds  (see,  for  example,  [1-5]). 

In  the  paper  we  present  external  polyhedral  (parallelepipedal)  estimates  V(t)  of  reachable  sets  to  systems 
with  bilinear  uncertainty  (linear  systems  under  hard  parallelepipedal  bounds  on  the  controls  and  initial  states 
and  hard  interval  bounds  on  the  matrices  of  the  system).  The  estimates  satisfy  the  upper  semigroup  property  [1] 
and  are  described  by  nonlinear  ordinary  differential  equations  (ODE)  which,  for  given  dynamics  of  orientation 
matrices  P(t)  £  R”xrt,  describe  the  dynamics  of  centers  and  "semi-axis  values"  of  parallelepipeds. 

Properties  of  these  estimates  are  investigated  for  the  particular  case  without  bilinear  uncertainty  when  the 
system  is  linear  with  a  given  matrix  A.  It  is  known  [5]  that  if  P(t)  satisfy  ODE  P=4P,  then  the  corresponding 
estimates  V(t)  are  touching  (tight  [2]  in  n  specific  directions).  Here  we  assume  that  A  is  Hurwitz  (all  eigenvalues 
have  negative  real  parts)  and  P(t)  satisfy  either  P(t)  =Const=  Pq  or  P  =  AP,  P(0)  =  Pq,  and  examine  the 
question:  under  which  matrices  Pq  the  estimates  V{t)  are  bounded/unbounded  as  t  — >  oo?  In  particular,  the 
criterions  (formulated  in  terms  of  eigenvalues  of  A  and  properties  of  bounding  sets)  are  found  which  ensure  that 
either  there  exist  Pq  such  that  V(t)  are  bounded  or  estimates  V(t)  are  unbounded  for  each  Pq.  For  the  case 
of  time-invariant  linear  systems  the  system  of  ODE  and  algebraic  relations  is  derived  (on  the  base  of  an  idea 
from  [6])  which  determines  estimates  V(t)  with  constant  orientation  matrices.  These  estimates  do  not  satisfy 
the  upper  semigroup  property,  but  are  touching  and  also  are  bounded  if  A  is  Hurwitz. 

Supported  by  the  Russian  Foundation  for  Basic  Research  (Project  N  06-01-00483)  and  by  the  Russian 
Programm  for  Support  of  Leading  Scientific  Schools  (Project  N  5344.2006.1). 
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MULTIPLE  LYAPUNOV  FUNCTIONS  FOR  IMPULSIVE 
SWITCHED  SYSTEMS 

Liguo  Zhang,  Yangzhou  Chen,  and  Pingyuan  Cui 

School  of  Electronic  and  Control  Engineering, 

Beijing  University  of  Technology,  Beijing,  China 

Both  switched  dynamical  systems  and  impulsive  dynamical  systems  are  studied  extensively  in  the  literature. 
However,  impulsive  switched  systems  in  which  the  state  may  change  discontinuously  at  switching  times  are 
not  yet  well  studied.  Nonetheless,  many  physical  systems  exhibit  both  system  switching  and  impulsive  jump 
phenomena.  This  paper  investigates  stability  of  a  class  of  impulsive  switched  systems  by  using  the  Branicky’s 
multiple  Lyapunov  functions  approach.  Sufficient  conditions  for  stability  of  those  systems  are  established.  Some 
examples  are  given  to  illustrate  the  applicability  of  our  results. 

An  impulsive  switched  system  with  impulses  at  fixed  times  is  described  as  follows: 

(  x(t)  =  fi(x(t ))  t  G  (4,4+ 1] 

<  xUk)  =  9ijW(tk))  t  =  tk  (1) 

{  xUo)  =  xo  A:  =  1,2, ... 

where  x(t)  G  Rn,  i,j  =  1,  2, ...,  N,  /(•)  :  Rn  — >  R"  globally  Lipschitz  continuous  with  /,((])  =  0,  gt](  j  :  Rn  — »  Rn 
is  continuous  .  Here,  tk  is  time  just  after  4,  {4}  satisfy 


to  <  t\  <  4  <  •••  <  4  <  4-+i  <  •••,  4  — *  oo  as  k  — >  oo 

and  x (tf)  =  limt^tfc  x(t). 

Theorem.  Let  S  be  the  set  of  all  switching  sequences  associated  with  the  system  (1),  Sji  the  endpoints  of  times 
that  system  i  is  active.  Vj  is  Lyapunov-like  function  for  fa  and  Xs(j  over  S\i,  then  the  system  (1)  is  stable  in 
the  sense  of  Lyapunov.  Additionally,  the  system  is  asymptotically  stable  if  for  some  £$  and  5i 

Vi(x(t))<-ei\\x(t)f  (2) 

for  t  in  S\i,  and  Vj  are  strictly  decreasing  on  Sji: 

Vi(x(tk))  -  Vi(x(ti))  <  -5i\\x(ti)\\2  (3) 


where  4  <  4  and  h  =  4  =  *• 
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THE  MINIMAL  ROBUST  POSITIVELY  INVARIANT  SET 
AND  ITS  INVARIANT  APPROXIMATIONS  VIA  FINITE  TIME 

AUMANN  INTEGRALS 

Rakovic  S.V.  and  Kouramas  K.I. 

The  Automatic  Control  Laboratory,  ETH  Zurich 

This  paper  provides  results  on  the  minimal  robust  positively  invariant  set  and  its  robust  positively  invariant 
approximations  of  an  asymptotically  stable,  continuous-time,  linear  time-invariant  system  subject  to  additive 
but  bounded  uncertainty.  The  minimal  robust  positively  invariant  set  is  characterized  as  an  infinite  time  Aumann 
Integral. 

A  novel  family  of  robust  positively  invariant  sets,  defined  as  a  simple  scaling  of  a  finite  time  Aumann  Integral 
is  characterized.  Adequate  members  of  this  family  are  robust  positively  invariant  sets  and  are  arbitrarily  close 
outer  approximations  of  the  minimal  robust  positively  invariant  set.  Conditions  are  given  that  allow  one  to 
specify  a  priori  the  accuracy  of  the  approximation. 

A  practical  result,  based  on  optimal  control  theory,  for  the  construction  of  safe  polytopic  sets  is  also  provided. 

Computational  procedures  are  briefly  discussed  and  connection  with  the  recent  methods  for  the  reachability 
computations  is  provided.  Some  simple  examples  illustrate  the  reported  results. 


APPROXIMATE  MODELING  OF  A  CLASS  OF  NONLINEAR  OSCILLATORS 
USING  TAK AGI-SU GEN O  FUZZY  SYSTEMS 

Schulte  H. 

Bosch  Rexroth  AG,  Hydraulic  Machines,  System-  and  Control  Engineering,  Elchingen 

An  effective  modeling  of  nonlinearities  and  the  analysis  of  the  influence  on  the  closed  loop  dynamics  is  often 
crucial  for  high  performance  control  applications.  For  this  reason  this  work  presents  an  analytical  method  of 
approximate  description  of  a  class  of  nonlinear  systems.  Instead  of  studying  the  exact  nonlinear  models  to 
enlarge  the  description  capability  compared  to  linear  models  we  will  use  a  Takagi-Sugeno  (TS)  fuzzy  system  [1], 
that  consists  of  a  time- variable  weighted  combination  of  linear  state-space  models.  The  set  of  linear  state-space 
models  define  a  polytope  in  the  model-parameter  space  also  called  a  Polytopic  Linear  Model  (PLM) . 

The  emphasis  in  this  work  will  be  on  a  systematic  description  of  the  construction  of  fuzzy  systems  from 
known  nonlinear  models  based  on  an  error  analysis  as  a  function  of  model  complexity.  An  upper  bound  on  the 
number  of  models  will  be  derived  that  is  sufficient  to  construct  a  TS  fuzzy  system  with  predefined  accuracy. 
The  TS  fuzzy  system  may  be  seen  here  as  a  compromise  between  general  nonlinear  models  that  can  be  very 
accurate  but  due  to  their  complexity  difficult  to  apply  in  model-based  control  schemes  and  linear  time  invariant 
(LTI)  systems  that  can  be  very  simple  and  easy  to  use  for  control  design  purposes  but  the  expected  behavior  of 
a  nonlinear  system  can  only  be  guaranteed  for  operating  conditions  that  are  close  to  the  point  of  linearization. 

This  paper  is  organized  as  follows:  First  of  all,  the  Takagi-Sugeno  fuzzy  system  structure  is  introduced  and 
some  analytical  interpretations  are  given.  After  that  the  approximate  construction  of  TS  fuzzy  systems  from 
known  nonlinear  models  are  explained.  An  error  analysis  and  some  approximation  properties  are  investigated. 
The  total  number  of  local  models  and  a  grid  of  equilibrium  points  are  determined  on  a  compact  space  by  an 
analytically  derived  equation  that  is  a  function  of  a  given  upper  bound  of  the  model  error. 

The  construction  method  is  applied  to  mechanical  oscillators  with  nonlinear  springs  and  dampers.  Further 
on  some  simulation  results  will  be  presented  in  comparison  with  simulations  using  the  known  nonlinear  models. 
Finally,  in  the  application  of  the  above  derived  model  a  nonlinear  state-feedback  controller  design  following  [2] 
is  briefly  described. 
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DYNAMIC  PROPERTIES  OF  NONLINEAR  INTERVAL  SYSTEMS 

Sokolova  S.P.,  Sokolova  L.A. 

Saint-Petersburg  Institute  for  Informatics  of  RAS,  Russia 

New  progress  and  research  in  intelligent  techniques,  based  on  information  processing  implementing  protein 
molecules’  immune  networks  [1],  processing  principles  appeared  under  the  term  of  "immunocomputing"  (IC). 
The  principal  difference  between  IC  and  other  calculation  methods  (neurocomputing,  evolutionary  and  genetic 
algorithms  and  so  on)  lies  in  the  functions  of  their  basic  components  and  matches  their  biological  prototypes 
and  mathematic  models.  The  basic  premise  here  is  the  arbitrary  IC  basic  components  (formal  proteins)  inter¬ 
connection  within  a  formal  immune  network  (FIN)  [1], 

This  paper  is  on  the  development  of  the  Immunocomputing  approach  to  the  class  of  nonlinear  uncertainty 
systems  with  and  without  time-delay.  The  parametric  uncertainties  are  characterized  by  a  relationship  of  the 
true  values  of  the  parameters  to  intervals.  These  have  known  boundaries.  Actually  the  interval  model  of  a  system 
mirrors  a  real  situation  with  the  information  on  values  of  its  parameters,  when  a  priori  only  the  boundaries  of 
the  interval  are  known.  Therefore,  using  the  rules  and  nomenclature  of  interval  mathematics  we  can  represent 
it  as  mathematical  model. 

The  next  scientific  results  are  presented: 

•  mathematical  models  and  calculation  procedures  of  singular  value  decomposition  (SVD)  of  interval  mat¬ 
rices,  interval  binding  energy,  interval  indices  for  different  classes  the  initial  data  [2]; 

•  parameter  identification  of  the  nonlinear  interval  dynamics  mathematical  model  by  using  the  interval 
methods  of  global  unconstrained  optimization; 

•  investigation  of  the  dynamical  properties  (asymptotic  and  absolute  stability,  attraction  and  so  on  of  the 
stationary  sets)  of  nonlinear  interval  systems  with  and  without  time-delay  and  nonlinearities  of  sector  and 
quadratic  types. 
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STATE  DEPENDENT  DELAYS:  RESULTS  AND  PROBLEMS 

Walther  H.-O. 
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We  present  recent  progress  in  (autonomous)  differential  equations  with  state-dependent  delay.  For  such  equations 
the  initial  value  problem  is  well-posed  on  a  Banach  manifold  which  depends  on  the  equation.  The  solution 
operators  are  continuously  differentiable.  More  smoothness  is  still  an  open  problem,  as  well  as  optimal  smoothness 
for  stable  and  center-stable  manifolds  at  stationary  points.  Also,  the  usual  construction  of  such  infinite-dimensio¬ 
nal  local  invariant  manifolds  directly  for  the  semiflow  is  not  yet  available.  —  We  discuss  examples  and  modeling 
issues  and  report  about  work  on  existence  of  periodic  solutions.  This  is  more  involved  than  in  case  of  constant 
delay;  the  nature  of  the  state-dependent  delay  comes  into  play. 

Key  words:  State-dependent  delay,  functional  differential  equations,  local  invariant  manifolds,  periodic 
solutions 
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METOA  JTOKAJTbHOrO  yJiyHIHEHHH  B  O^HOM  KJ1ACCE  3AAAH 

oriTHMAJibHoro  ynPABJiEHna 


AKceHioniKHHa  E.B. 


BauKdAbCKUu  socydapcmeenHuu  ynueepcumem  skohomuku  u  npaea,  Poccua 

PaccMOTpi-iM  3a/3,any  onTHMajibHoro  ynpaBjieHira  (3a/3,ana  A) 

$o(«)  =  ^o(a;(ii))  min, 
x  =  f(x,u,t),  x(t0)=x°, 

<5 >i(u)  =  ipi{x{t\))  =0,  4  =  1,  TO. 

ITocTporiM  mcto/i,  ynyHinemia  ynpaBjieHira  u{t)  b  paMKax  3a/3,anii  A  Ha  ocHOBe  npoqe/iypbi  cjia6oro  Bapbii- 
poBaHHH.  06pa3yeM  ceMeiicTBO  BapbiipoBaHHbix  ynpaBjieHiin  no  npaBi-uiy  c  napaMeTpoM  a  >  0 

ua(t)  =  u(t)  +  a8u(t),  t  GT. 

Kax  H3BecTHO  [1-3],  C00TBeTCTByK>m,He  npupamemiH  cjryHxi/HOHajiOB  //onycxaiOT  npe^,CTaBjiemie 


<E(ua)  —  $*(«)  =  —  a  J  <  H^[t,u],8u(t)  >  dt  +  Oi(a),  i  =  0,m. 

IlycTb  A  =  (Ai, . . . ,  Am)  —  BexTop  MHOJxiiTejien  JIarparoxa,  y  >  0  niTpacJrHOH  napaMeTp.  Be/jeM  nop- 
MajibHbifi  cJjyHxpiiOHaji  JIarpaHHta  h  niTpacjrHOH  cJjyHxpiiOHaji  TepMi-raajibHbix  o rpaH h t re h h h  no  npi-rapiiny  nan- 
MeHbmnx  xBa^paTOB 

m  m 

L(u,  A)  =  $0(u)  +^Aj$j,  P(u,y)  = 

1  i— 1 

06pa3yeM  MO/pKjHmHpoBaHHbin  (JjyHxpnoHaji  JIarpaH>xa 

M (u,X,y)  =  L(u,X)  +  P(u,  y) . 

Cjia6aa  Bapnapna  nocTpoeHHoro  cjjyHxpnoHajia  HMeeT  niiy 


SM (it,  A,  y)  =  SL(u,  A)  +  8P(u ,  y)  = 

r.  m  m 

=  -  /  <  H°[t,u]  +  ^XiHl[t,u]  +  >  dt ■ 

J  T  A 1  4 1 


i= 1 


i= 1 


BBe^eM  o6o3HaneHiin 


Sru(t)  =  H°[t,u]  +  '^T,XiH'lu[t,u\,  S2u(t )  =  y^r,ipi{x(t{))Hlu[t,u\. 

i= 1  i—1 

TaxiiM  o6pa30M,  b  cjiynae  5iu(t)  ^  0,  S2'u(t)  ^  0  rapaHTiipoBaHO  jioxajibHoe  (/pm  Majinix  a  >  0)  ynymnem-ie 
cjDyHxpnoHajiOB  L(u,  A*),  P(u,  y)  /pm  jiro6oro  y>  0 

L(ua,  X*)  <  L(u ,  A*),  P(ua,  y)  <  P(u ,  y). 


ripn  3tom  aBTOMaTimecxii  nponcxo//HT  jioxajibHoe  yjiynmeHne  MO/p-icjDHi/HpoBaHHoro  cjjyHxpnoHajia  JIarpaH>xa. 

JlmepaTypa 

[1]  0HeeB  T.M.  O  npiiMeHeHim  rpa/pieHTHoro  MeTO/],a  b  3a/i;aHax  Teopnii  onTHMajibHoro  ynpaBjiemis.  -  KocMHuecxHe 
HCCjie/i,OBaHHH,  1966,  t.4,  Bbin.5,  c.  651-669. 

[2]  Oe/],opeHKO  P.n.  npn6jiHJKeHHoe  pememie  3a/i,an  onTHMajibHoro  ynpaBjieHiia.  -  M.:  Hayxa,  1978.  -  408  c. 

[3]  CpoHxo  B.A.  HTepai/HOHHbie  MeTO/jbi  pememia  3a//an  onTHMajibHoro  ynpaBjieHiia.  -  M.:  OH3MATJ1MT,  2000.  - 
160  c. 


Method  of  Local  Improvement  for  a  Class  of  Optimal  Control  Problems 

Aksenyushkina  E.V. 

Baikal  National  University  of  Economics  and  Law,  Russia 

An  optimal  control  problem  with  terminal  conditions  in  equality  form  is  considered.  The  proposed  control 
varying  procedure  provides  simultaneous  descend  with  respect  to  Lagrange  and  penalty  functionals  by  the  least 
squares  method.  An  improvement  procedure  consists  of  solving  linear  systems  for  Lagrange  multipliers.  The 
choice  of  penalty  parameter  is  well  justified. 
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METOA  nOCJTEAOBATEJTbHbIX  nPHBJIH>KEHHH  PEHIEHM 
BOrHYTOH  3AAAHH  OIITHMAJlbHOrO  YIIPABJIEHH5I 

Ahtohhk  BT. 

HpKymcKuu  socydapcmeennuu  ynueepcumem,  Poccuji 

PaccMaTpi-iBaeTca  3a^,ana  onTHMajibHoro  ynpaBjiemiH  b  cjie^yromeii  nocTaHOBKe 

$>(u)  =  <f>(x(ti))  +  j  F(x(t),  t)dt  — >  min ,  u£V,  (1) 

T 

x  =  /( x,  u,  t )  =  A{u,  t)  +  b(u,  t ) ,  x(to)  =  x°  ,  (2) 

V  =  {u  £  PC(T)  :  u(t)  £U,t£T  =  [t„,  h]}  .  (3) 

IIpe^nojiaraeTCH,  hto  <J>yHKn,HH  <j>{x)  h  F(x,t)  BorHyTBi  no  x  £  Rn,  MaTpiinHaa  cjryHKnyiH  A(u,t)  h  BeKTop- 
cjDyHKpiiH  b(u,t)  j t h h e h h hi  no  u  £  Rr . 

Cjie,n,yH  cxeMe  aHajni3a  3a,n,anH  [1,2],  pjisi  napni  flonycTHMBix  ynpaBjieHHft  u,v  £  V  ctpohtch  HejiOKajiBHaa 
opeHKa  npupamemiH  pejieBoro  c[)yHKn,HOHajia 

Av$(w)  <  -  J  A v(t)H(p(t,  u ,  v),  x(t,  u),u(t),t)dt .  (4) 

T 

3^ecB  BeKrrop-(])y hkphh  p(t,  u,  v)  HBjraeTCH  pemeniieM  BeKTopHO-MaTpiiuHon  cncTeMBi 

p  =  -A(v,  t)Tp  -  PAvf(x(t,  u),u(t),t) ,  p(t i)  =  -<j>x( x(t!)) ,  (5) 

P  =  -A(v,  t)TP  -  PA{v,  t)  +  M,  P{t i)  =  0  ,  (6) 

r^e  M  -  ciiMMeTpiinHaa  nojio>KHTejiBHO-onpe,ii,ejieHHaH  MaTpiipa. 

C  noMomjjio  opeHKii  (4)  KOHCTpyupyeTcn  HTepapHOHHBin  MeTO,a,  pememiH  3a,n,aHH  (l)-(3). 

IlycTB  uk(t),xk(t)  =  x(t,uk),  t  £  T  -  ,n,onycTi-iMaH  napa  b  3a,n,ane.  CcjDopMiipyeM  BcnoMoraTejiBHoe  ynpaB- 
jiemie 

vk(p,  t)  =  arg  max  H  (p,  xk(t),w,t)  ,  p  £  Rn  ,  t  £T  . 

wSlU 

Hai"meM  pememie  pk(t)  BeKTopHO-MaTpiiuHon  cncTeMBi  (5)-(6)  npn  x(t)  =  xk(t),  u(t)  =  uk(t),  v  =  vk(p,t). 
06pa3yeM  cne^yromee  npn6jiii>KeHiie 

uk+1(t)  =  vk(p(t),t) ,  t  £T 

h  no,a,cnHTaeM  cooTBeTCTByiomyio  (J>a30Byio  TpaeKTopmo  xfe+1(t)  =  x(t,uk+1). 

Ha  ocHOBamiH  opeHKii  (4)  cnpaBe^jniBO  cbohctbo  yjiynmemiH  4>(wfc+1)  <  4>(ufc).  HeoTpiipaTejiBHaa  bgjih'ih- 
Ha  5k  =  4>(wfc)  —  4>('i(fc+1)  MonceT  cjryjKHTB  HeBH3Koii  npimpima  MaKcriMyMa  Ha  ynpaBjieHiin  uk(t).  Cxo,h,hmoctb 
MeTO,a,a  omiCBiBaeTCH  ycjiOBiieM 

6k  — »  0  ,  k  — *  oo  . 

C  noMOin,Bio  onncaHHoro  MeTO,n,a  6biji  pemeH  pa,n,  tgctobbix  3a,n,aH.  npn  stom  ^ejiaiOTCH  bbibo,h,bi  othocii- 
TejiBHO  BBi6opa  MaTpripBi  M. 

JlHTepaTypa 

[1]  CpoMKO  B.A.  IlTepan,HOHHbie  MeTOflM  pememis  3aflan  onTHMajibHoro  ynpaBjieHHa  /  B.A.  CponKO.  -  M.:  Oii3MaTjiHT, 
2000.  -  160  c. 

[2]  Ahtohhk  B.T.  HTepapHOHHbie  ajiropuTMbi  pemeHiia  BornyTofi  3aflanH  onTHMajibHoro  ynpaBjieHHH  /  B.T.  Ahtohhk  // 
BecTHiiK  Bry.  Bbin.3.  Cepua  13:  MaTeMaTiixa  h  HHC^opMaTHKa.  -  ynaH-Yfla:  H3fl-BO  BypaT.yH-Ta,  2006.  -  C.  162-167. 


Method  of  Successive  Approximations  for  a  Concave  Optimal  Control  Problem 

Antonik  V.G. 

Irkutsk  State  University,  Russia 

The  optimal  control  problem  with  concave  cost  functional  and  linear  dynamic  system  is  considered.  Non-local 
estimate  of  the  functional  is  constructed.  On  the  base  of  this  estimate  the  iterative  method  for  the  problem  is 
proposed. 
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AAAIITHBHblH  HABJIIOAATEJIb  XAOTHHECKOH 

CHCTEMbI  A^^HHrA 

ApaHOBCKHH  C.B.,  Bo6u,os  A. A.,  rpHropt.es  B.B.,  HHKOJiaes  H.A. 

CaHKm,-nemep6yp2CKUu  zocydapcmeennuu  ynueepcumem  unfiopMayuoHHUx  mexHOJiozuu, 

MexanuKU  u  onmuKU,  Poccuh 

IIpo6jieMa  nocTpoemra  apanTiiBHBix  Ha6jnopaTejien  pjrsi  iiejiiiHeiiHbix  pmiaMHHecKHx  cucTeM  HaxopiiTCH  b  peH- 
Tpe  BHHMaHHH  b  Tenem-ie  nocjiepmix  jieT.  OpHa  H3  npiram  nopo6Horo  iiHTepeca  coctoiit  b  bo3mo>khocth  npn- 
MeHemiH  HejiiiHeiiHBix  pmiaMHHecKHx  ci-iCTeM  pjra  KopiipoBamiH  h  nepepaun  h  h c|x) p m a p h  h  .  9to  opho  H3  hobbix 
HanpaBjieHiiii  nepepaun  paHHBix,  Korpa  HHcpopMapnH  KopupyeTcn  b  napaMeTpax  pH h aM h t iec ko h  ciiCTeMBi  «nepe- 
paTHHKa».  Ciiraaji  BBixopa  stoii  CiiCTeMBi  nepepaeTcn  «npiieMHHKy»,  b  3apauy  KOToporo  bxopht  BOCCTaHOBjiernie 
h e h 3 m ep h m bi x  cnrHajiOB  «nepepaTHHKa»  n  napaMeTpoB  Mopejin  «nepepaTHHKa».  B  paHHoii  paboTe  c  ncnojiB- 
30BaHi-ieM  npopepypni  ciiHTe3a  apanTiiBHoro  Ha6jnopaTeji5i  pjra  xaoTHuecKoii  CiiCTeMBi  rH,y(i)<i)I'IHra!  peinaeTCH 
3apaua  BOCCTaHOBjiemui  Heii3BecTHoro  3aKopiipoBaHHoro  napaMeTpa.  flpjma,si  3apaua  b  OTjiHHHe  ot  ii3BecTHBix 
aHajioroB  pemaeTcn  tojibko  no  H3MepeHiiHM  BBixopHoro  cnmajia  xaoTHHecKon  chctcmbi,  a  TaK»ce  b  ycjiOBHHx 
nojiHoii  1 1 apaMeTp h ( i ec koh  HeonpepejieHHOCTH  m arreM arr  h  u  ec  ko  ft  Mopejin  xaoTnuecKoft  ciiCTeMBi  B 

pa6oTe  paccMaTpiiBaeTca  xaoTiiuecKaji  cncTeMa  Aycb^uHtA  onucbmaeMas-i  pi-KjxjDepeHpnajiBHBiM  ypaBHemieM 
Biipa 

y(t)  +  ci y(t)  +  c2y(t)  -  6f(y)  -  w(t)  =  0,  (1) 

rpe  ci,  c2  h  6  Heii3BecTHBie  nncjia,  HejniHenHaH  cjjyHKpiiH  f(y)  =  y3,  w(t)  =  Asin(wt  +  (f>)  -  h e h 3 m ep h m hi ft 
rapMOHH'iecKHH  cHraaji. 

CTaBiiTCH  3apaua  ciiHTe3a  apanTiiBHoro  Ha6jnopaTejiH,  o6ecneuiiBaiomero  BOCCTaHOBjiemie  Heii3BecTHoro  na¬ 
paMeTpa  6  Mopejin  (1).  BypeM  ponycKaTB,  hto  H3MepjieTCH  tojibko  b bixoph an  nepeMennaa  y(t)  Mopejin  (1).  TaK- 
nce  npepnojiaraeTca,  hto  napaMeTpBi  m  arre  Marr  h  u  ec  ko  ft  Mopejin  (1)  ci,  c2,  0,  A,  uj  n  <j>  hbjijuotch  Hen3BecTHBiMn 
nncjiaMH.  A-1151  ouchkh  napaMeTpa  9  ncnojiB3yeTca  apanTHBHBin  HabjnopaTejiB  Bnpa 

z(t)  =  1pl(t)9i  +  if2(t)d2  +  1p3(t)03  +  +  V>5  0)05  +  i>6(t)06,  (2) 

9i  =  i  -  z(t)),  (3) 

rpe  nocTOHHHBin  KOsejxJjnpneHT  fc*  >  0,  i  =  1,  6,  0i,  9 2,  03,  04,  05,  06  —  TeKyipne  opeHKii  Hen3BecTHBix  napaMeT- 
poB  0i  =  0  +  cio,  02  =  9,9 3  =  —00,  04  =  ai,  05  =  20  — ai0,  06  =  (0  —  ao0),  0  =  —  oj2,  nen3BecTHBie  K09cj5cj)Hii,HeHTBi 
ai  n  cio  paccHHTBiBaiOTCH  H3  cooTHomeHna  a±p  +  ao  =  p2  +  C\ p  +  p2  —  (p  +  l)2,  p  =  d/dt  —  onepaTop  pncji- 

p2  p2  1 

(JjepeHpnpoBaHHH,  a  H3BecTHBie  c^rnap-in  V>iO)  =  ^  +  ^60).  O2O)  =  ^260).  ^3 0)  =  +  ^260)) 

Mt)  =  (p^1)2a0),  Mt)  =  (pi  1)2^(*)»  V’eO)  =  (phyt i(*)»  €i(*)  =  (p+11)2yW^  ^0)  =  (p+\)203O). 

AoKa3BiBaeTca,  hto  ajiropiiTM  (2),  (3)  o6ecnennBaeT  napaMeTpiinecKyio  cxophmoctb. 


Adaptive  Observer  For  a  Chaotic  Duffing  System 

Aranovskiy  S.V.,  Bobtsov  A. A.,  Grigoriev  V.V.,  Nikolaev  N.A. 

Saint  Petersburg  University  of  Information  Technologies,  Mechanics  and  Optics,  Russia 

By  using  procedure  design  of  the  adaptive  observer  for  a  chaotic  Duffing  system,  the  problem  of  reconstruction 
of  the  unknown  coded  parameter  is  solved.  The  given  problem  unlike  known  analogues  is  solved  only  on 
measurements  of  an  output  signal  of  a  chaotic  system  and  also  under  conditions  of  absolute  parametrical 
uncertainty. 
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O  EMyPKAIjnH  3KCTPEMAJIEH  O^HOH  3AAAHH 
BAPnAi^HOHHoro  hchhcjiehm  no  PEryjinpoBAHnio 
3bojiioii;hh  ahhamhheckoh  chctembi  npn 

MHOrOnAPAMETPnHECKOM  B03MymEHHH 

Aiuhmob  A. A.,  Cara,a,HeB  K.A.,  Bopobckhh  KD.B.,  HcicaKOB  H.A.,  Aiuhmob  Ac. A. 

MHcmumym  npo6jieM  tmcfiopMarriuKU  u  ynpaenenuA  MOH  PK  P 
ecnySAUKa  Ka3axcman,  3.  Ajinamu 

Kax  H3BecTHO,  iiohckh  scjMfiexTHBHbix  pernem-iii  b  psme  o6jiacTeii,  b  tom  uncjie  b  MaxposxoHOMiixe,  ocymecTBjis- 
iotch  b  paMKax  nocTaHOBKii  h  pernem-ra  cooTBeTCTByromiix  3a,n,aH  BapiiapnoHHoro  hc'ihcji6hhm,  (JjyHKpiiOHajiBi 
HJIH  (J)a30Bbie  OrpaHIIHeHIIH  XOTOpbIX  3aBIICHT  OT  HeKOTOpbIX  K03(JxJ>IIU,I'ieHT0B  MaTCMaT H  H6C  KO H  MO,a,ejIH  o6t>- 
eKTa  ynpaBjiefflia  A  =  (A1 ,  A2 ,  K,  Am)  £  A  C  Rm,  to  ecTb,  HMeeT  MecTO  MHoronapaMeTpnnecxoe  B03Myin,eHiie 
cooTBeTCTByromeii  3aflaun  Bapiiapiionnoro  hchhcjichiis.  Ilccae^OBaHiie  no,n,o6Hbix  3a,n,aH  Tpe6yeT  onpe^eaeHiia 
6nc]3ypxan,HOHHOH  tohkh,  ycjiOBHH  ee  cymecTBOBamiH  h  aHam-raa  6 h (}:> y  p  ke  n  h  o  h  h  o  ro  3HaneHiiH  xo34xf>im,HeHTa 

A  =  (A1,  A2,  K,  Am)  [1]. 

B  ,a,aHHOM  coo6m,eHHH  npiiBO,a,aTca  pe3yjibTaTbi  BnepBbie  npoBe^eHHbix  iiccjie^OBaHiiii  ftucJjypKanHH  sxcTpe- 
Majiefi  3a^an  BapiiapnoHHoro  iicancjieHiia  paccMaTpiiBaeMoro  xjiacca  no  Bbi6opy  onTHMajibHoro  Ha6opa  3aKOHOB 
napaMeTpnnecKoro  peryjiiipoBaHna  3bojikmj,iih  ^riHaMimecKon  cucTeMbi  b  cpe^e  3a/3,aHHoro  KOHenHoro  MHOxe- 
CTBa  ajiropiiTMOB  [2]  Ha  ypoBHe  k  peryjinpyeMbix  napaMeTpoB  h h a m h t i e c ko h  cncTeMM.  IIpe^jioaceHo: 

Onpedejienue.  3HaneHiie  A*  €  A  Ha3biBaeTca  tohkoh  6n<j)ypKanHH  sxcTpeMajin  3a^,ann  BapiiapnoHHoro  nc- 
HHCJieHna,  ecjin  npn  A  =  A*  cymecTByxiT  xax  MHHHMyM  ^Ba  pa3JinnHbix  onTHMajibHbix  Ha6opa  H3  r  3aKOHOB, 
OTjiiinaiom,Hxca  xoTa  6bi  na  o^hh  3aKOH,  a  b  Kanc/jon  oxpecTHOCTii  totkh  A*  HaimeTCH  Taxoe  3Hanenne  A  €  A, 
^jia  KOToporo  paccMaTpi-maeMaa  3a^,ana  HMeeT  e^iiHCTBeHHoe  pememie. 

AoxasaHa: 

Teope.ua  (o  cyipecmeoeaHuu  mourn  6u<f>ypKav,uu) .  IlycTb  npn  3HaneHiiax  napaMeTpa  Ai  h  A2,  (Ai  A  A2,  Ai, 
A2  £  A,  A  —  CBa3Hoe  OTKpbiToe  MHoacecTBo)  paccMaTpi-maeMaa  3a,a,aHa  HMeeT  cooTBeTCTByiomne  e^iiHCTBermbie 
pememia  pjisi  AByx  pa3jinnHbix  onTHMajibHbix  Ha6opoB  H3  r  3aKOHOB,  OTjnmaromiixca  xoTa  6bi  na  o^hh  3aKon. 
Toiyi,a  HMeeTca  xoTa  6bi  o^Ha  Touxa  6ii<]:)ypKanHH  A*  £  A. 

IlpefljioaceH  HHCJieHHbift  ajiropiiTM  naxoac^emia  6 n <}) ypxanHOHHhix  3HaneHiin  xo3c[)cj)Hii,HeHTOB  paccMaTpn- 
BaeMoii  salami  h  naxoac^eHiia  jihhhh  h  noBepxHOCTeii,  cocToam,nx  H3  Taxux  Tonex. 

IlojiyneHHbie  TeopeTiiuecxne  pe3yjibTaTbi  npoi-ijijnocTpi-ipoBaHbi  Ha  npiiMepe  o,h,hoh  salami  Bapiiapiioiiiioro 
HC'iHCJieHHa  no  Bbi6opy  onTHMajibHoro  3axoHa  napaMeTpnnecKoro  peryjnipoBaHiiH  pa3BHTHa  3kohomh'I6Ckoh 
cucTeMbi  CTpaHbi  Ha  base  ee  m arre mot h  ' i ec ko h  MO^ejiH  [3],  npe^jioaceHHoii  pjm  HCCJie^OBaHiia  bjihjihhh  ,zi,ojih 
noTpe6iiTejibCKHx  pacxo,n,OB  rocyn,apcTBa  bo  BHyTpeHHeM  BajiOBOM  npo^yxTe  h  npopeHTa  no  rocy^apcTBeHHbiM 
3ai"iMaM. 

JlHTepaiypa 

[1]  Bo6buieB  H.A.,  EMejibSHOB  C.B.,  KopoBiiH  C.K.  TeoMeTpHaecKHe  MeTOflbi  b  BapnapiiOHHBix  3aflaaax.  M.:  MaracTp, 
1998. 

[2]  Aiiihmob  A. A.,  Bopobckhh  K3.B.,  Bojio6yeBa  O.IL,  Aihiimob  Ac. A.  O  Bbi6ope  3<l>4>eKTHBHbix  3aKOHOB  napaMeTpuae- 

CKoro  peryjinpoBaHHa  MexaHH3MOB  pbihohhoh  skohomiikh  //  ABTOMaTHKa  ii  TejieMexaHHKa.  2005.  3.  C.  105-112. 

[3]  IleTpoB  A. A.,  IIocnejiOB  II. T.,  IIIaHaHiiH  A. A.  OntiT  MaTeMaTiiaecKoro  MOflejinpoBaHHa  skohomiikii.  M.:  3HeproaTOM- 
H3flaT,  1996. 


On  Bifurcation  of  Extremals  of  One  Variational  Calculus  Task  at  the 
Choice  of  the  Optimum  Set  of  Laws  of  Parametric  Regulation 
with  Multiparametrical  Perturbation 
Ashimov  A. A.,  Sagadiyev  K.A.,  Borovskiy  Yu.V.,  Ashimov  As. A. 

Institute  of  Problems  of  Informatics  and  Control,  Almaty,  Kazakhstan 

The  research  considers  bifurcation  of  one  variational  calculus  task  at  the  choice  of  optimum  law  of  parametrical 
regulation  of  a  dynamic  system  in  an  environment  of  a  given  finite  set  of  algorithms.  It  suggests  the  terms  of 
existence  of  a  solution  of  the  specified  task  of  variational  calculation,  the  definition  of  a  bifurcation  point,  terms 
of  its  existence  and  numerical  algorithm  of  finding  the  bifurcation  value  of  a  parameter. 
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OIITHMAJIbHOE  YIIPABJIEHHE  AHHAMHHECKHMH  CHCTEMAMH 

B  PEAJlbHOM  BPEMEHH 

BajiauieBHH  H.B.*,  Ta6acoB  P.  <!>.**,  KnpiiJiJiOBa 

*  MHcmumym  MameMamuKU  HAH  BeAapycu,  Muhck, 

**  Be/iopyccnuu  eocydapcmeennuu  ynueepcumem,  Muhck 

B  80-x  ro,n,ax  XX  Bexa  b  Teopiiii  ynpaBjieHiia  Bbmejnuiocb  HOBoe  HanpaBjieHiie  —  ynpaBjieHiie  b  peajiBHOM 
BpeMemi,  KOTopoe,  b  OTjuimie  ot  KjiaccnnecKHx  npiimpmoB  ynpaBjiemisi  no  paaoMKHyTOMy  KOHTypy  h  no  3a- 
MKHyTOMy  KOHTypy,  npe,n,nojiaraeT  BbinHCJienne  ynpaBjimomiix  cnmajiOB  no  xo^y  npopecca  ynpaBjiemisi  na 
ocHOBe  nocTynaiomen  HH<J)opMan,HH  o  coctohhhh  cncTeMbi.  IlHTeHCiiBHoe  paaBiiriie  yKa3aHHoii  TeMaTHKH  o6y- 
cjiOBjieHO  KaK  BOCTpe6oBaHHOCTbio  3(J)4)eKTHBHbix  MeTO,n,OB  ynpaBjiemisi  b  MHoronncjieHHbix  npnjiojKeHnax,  TaK 
H  ^OCTIDKeHHJIMH  COBpeMeHHOH  BblHIICJIHTejIbHOH  TeXHIIKII. 

B  flOKjia^e  npe,n,jiaraeTCH  no.ipco,!!,  k  pememiio  npo6jieMbi  ci-iHTe3a  onTHMajibHbix  cncTeM  nyTeM  nocTpoemia 
ajiropiiTMa  pa6oTbi  onTHMajibHoro  peryjisiTopa,  cnoco6Horo  b  pesKHMe  peajibHoro  BpeMemi  BbimicjisiTb  3HaneHiiH 
onTHMajibHbix  o6paTHbix  CBsraeii  b  xo,a,e  KOHKpeTHoro  npopecca  ynpaBjiemisi  [lj. 

B  ocHOBe  ajiropiiTMOB  paboTbi  onTHMajibHbix  peryjisiTopoB  jiesKHT  ^BOiiCTBeHHbin  MeTO,a,  KoppeKn,nn  on¬ 
THMajibHbix  nporpaMM,  onnpaioni,HHca  Ha  1)  HOByio  napaMeTpii3aii,mo  nporpaMMbi  c  noMOipbio  ee  momchtob 
nepeRjiioneHiui;  2)  6biCTpyio  ^iiHaMiinecKyio  peajin3au,mo  ,n,BOiiCTBeHHoro  a,n,anTHBHoro  MeTO,n,a  jiiiHeimoro  npo- 
rpaMMiipoBaHiia  [2], 

BcjxjieKTHBHOCTb  yKa3aHHOii  flHHaMHnecKofi  peajiii3aii,nn  pa3pa6aTbiBajiacb  npn  Bbimicjiemiii  curHajiOB  on¬ 
THMajibHbix  o6paTHbix  CBH3eii  o6ycjiOBjieHa  cjie/iyKmmMH  oco6emiocTsiMH:  1)  jiOKajmaanHsr  nojiosKemisr  MOMema 
nepeKjnoHeHiiH  ynpaBjiemisi  ocymecTBjiaeTca  nyTeM  aHajni3a  pejieHanpaBjieimo  nepe6npaeMbix  ToneK  b  OKpecT- 
hocth  MOMeHTOB  nepeKjnoHemisi  h  kohh,ob  npoMencyTKa  ynpaBjiemisi;  2)  3a  cneT  xpaHemisi  h  npeo6pa30Bamisi 
He6ojibmoro  o6T>eMa  flonojiHiiTejibHOii  BcnoMoraTejibHOii  micjiopMapHH,  xapaKTepii3yioiii,eH  TeKyipee  ynpaBjie- 
mie,  ^.ocTaTOHHO  BbinojmsiTb  Ha  iiTepapiiax  MeTO^a  iiHTerpiipoBamie  conpa»ceHHOH  cncTeMbi  Ha  npoMencyTKax, 
conocTaBHMbix  c  nepiio.n.OM  KBaHTOBamisi;  3)  npe,nycMOTpeHO  pacnapajuiejiiiBamie  onepapmi  iiHTerpiipoBamisi 
conpjHKeHHOii  cncTeMbi  b  OKpecTHOCTii  ToneK  nepeKjnonemisi  ynpaBjiemisi  h  kohh,ob  npoMexyTKa  ynpaBjiemisi. 

Ha  ochob aHiiii  npe^yiosKeHHbix  ajiropiiTMOB  peajin3au,nn  onTHMajibHbix  o6paTHbix  CBsraeii  b  peajiBHOM  BpeMe- 
hh  o6ocHOBbiBaeTca  MeTO,n,  CTa6iuiii3aii,Hn  ^biiskchuh  ^iiHaMiinecKiix  cncTeM  c  ncnojib30BaHiieM  orpamineHHbix 
ynpaBjimomiix  B03fleiiCTBini.  noKa3biBaeTca,  hto  no3im,iiOHHoe  peinemie  cnepnajibHon  conpoBOXflaiomeii  sala¬ 
mi  onTHMajibHoro  ynpaBjiemisi  HBjiaeTca  orpammeHHOH  crra6 h j [ h 3 h py io  i  ne  ii  o6paTHoii  CBsi3bio  ,h,jisi  paccMaTpn- 
BaeMoii  ^HHaMH'iecKOH  cncTeMbi  h  CTpoiiTCsi  ajiropiiTM  pa6oTbi  CTa6njni3aTopa,  KOTopbiii  b  pesKHMe  peajibHoro 
BpeMeHii  reHepupyeT  3HaneHHsi  orpaminemiOH  c  rra6  h  j  [  h  3  h  p  y  io  me  ii  o6paTHoii  cbh3ii  no  xo,n,y  KOHKpeTHoro  npo- 
pecca  ynpaBjiemisi. 

PaSoTa  BbinojiHeHa  b  paMKax  rocypapcTBemioii  nporpaMMbi  cjiyHpaMeHTajibHbix  iiccjiepoBaHmi  «MaTeMa- 
Tii'iecKiie  Mopejm  14». 

JlHiepaTypa 

[1]  Ta6acoB  P.,  KiipujuiOBa  O.M.  OnTHMajibHoe  ynpaBjieHiie  h  Ha6jnoj],eHHe  b  peajiBHOM  BpeMeHii  //  H3b.  PAH.  Teopua 
ii  cncTeMbi  ynpaBjieHiia.  2006,  Ns  3.  C.  90-111. 

[2]  ra6acoB  P.,  KupHjuiOBa  O.M.,  Thtkmhkhh  A.H.  KoHCTpyKTHBHbie  MeTopti  onTHMH3an,Hii.  H.  1:  JlnHeitHBie  sapann.  - 
Muhck:  y HiiBepciiTeTCKoe,  1984. 


Optimal  Real-Time  Control  of  Dynamical  Systems 
Balashevich  N.V.*,  Gabasov  R.**,  Kirillova  F.M.* 

*  Institute  of  Mathematics,  NAS  of  Belarus 
**  Belarusian  State  University 

For  the  problem  of  synthesis  of  optimal  systems,  algorithms  of  operating  optimal  controllers  that  produce  values 
of  optimal  feedbacks  in  the  course  of  any  control  process  in  real-time  are  suggested.  These  algorithms  are  based 
on:  1)  new  parametrization  of  the  optimal  program  through  its  switching  instant;  2)  fast  dynamic  realization  of 
the  dual  adaptive  method  of  linear  programming. 
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O  IIPOBJTEME  H  METO^AX  KOPIIOPATnBHOrO  YIIPABJIEHHH 
BapaHOB  B.B.,  BapaHosa  E.J1.,  MacjieHHHKOBa  A.B.,  MaTpocoB  B.M. 

Ifenmp  uccAedoeanuu  ycmounueocmu  u  HeAuneunou  dunaMunu 
npu  HMAIII  PAH,  Mocnea,  Poccua 

PaccMaTpi-iBaeTca  npo6jieMa  ynpaBjieHiiH  b  Kjiacce  TaK  Ha3BiBaeMBix  «iiHTepeco-opiieHTiipoBaHHBix»  cucTeM, 
b  KOTopBix  MOTiiBapiiH  ynpaBjieHiisi  ocHOBBiBaeTCH  Ha  HHTepecax,  a  pejiB  ynpaBjieHiiH  (JjopMiipyeTCH  BHyTpi-i 
CHCTeMBi.  Hx  nacTHBiM  cjiyuaeM  hbjijuotch  CHCTeMBi,  b  kotopbix  cyipecTByiOT  o6mi-ie  HHTepecBi,  obnepiiHiHOipiie 
cy6T>eKTOB  b  KopnopaTiiBHyio  cucTeMy.  PaccMaTpimaiOTCJi  pBa  Kjiacca  KopnopaTi-iBHBix  chctcm:  Tima  <J>epepapim 
h  KOHcjrepepapim.  HacTHBiM  cjiynaeM  o6onx  KjiaccoB  cucTeM  hbjihkitch  yHHTapHBie  CHCTeMBi,  b  kotopbix  cy6T>eKT 
h  o6T>eKT  i-iHTepecoB  epimcTBeHHBi. 

^jih  yHHTapHBix  cucTeM  ciJiopMyjiHpoBaHa  KOHpenpiiH  ynpaBjieHHH,  MOTiiBiipoBaHHoro  HHTepecaMH.  B  ee 
ycjiOBHHx  pasBHTa  MeTopojioriiH  (J>opMajm3apHH  npo6jieMBi,  ochob aHH an  Ha  npimpimax  pacipenjieHiiH  iiHTepe- 
cob,  KOMnpoMHCCHBix  penieHim  h  CTpyKTypHBix  npeo6pa30BaHHi"i.  Ha  6a3e  3toi“i  MeTopojioriiH  nocTpoeHa  Mo¬ 
pe  jib  npiiHHTHH  ynpaBjimoipiix  pernem-iii,  ochobhbimii  o6T>eKTaMH  KOTopoii  hbjihiotcji  crrparrernn  pnarHOCTHKH 
CHTyapnit,  BBi6opa  pejKHMOB  iicnojiB30BaHiiJi,  ynpaBjimoipiix  B03peiiCTBim  no  o6ecneueHiiio  pa6oTOcnoco6HO- 
cth  h  6e3onacHOCTii,  h  BBi6opa  CTpyKTypHBix  napaMeTpoB  CHCTeMBi.  Habop  nopo6HBix  CTpaTeram  onpepejineT 
« no jiiiTHKy »  ynpaBjieHiiH.  CTaBiiTcn  3apaua  BBi6opa  paBHOBecHoii  hojihthkh,  npu  KOTopoii  pocTiiraeTCH  ycToii- 
hhbbih  KOMnpoMiicc  no  KpiiTepiiHM  «nojie3HOCTii»,  «piiCKa  noTepn  nojie3HOCTii»  h  «piiCKa  Kpn3Hca».  Yctohhh- 
boctb  KOMnpoMHeca  noHHMaeTCH  b  CMBicjie  paBHOBecnii  Hsrna  h  napeTO-onTiiMajiBHOCTii,  h  Ha3BiBaeTcn  ciijibhoh 
yCTOIIHHBOCTBIO . 

nojiyneHBi  pe3yjiBTaTBi,  onpepejunoipiie  ycjiOBiin  pa3pemiiMOCTii  npo6jieMBi  h  KOHCTpyKTiiBHBie  MeTopBi  ee 
pemeHiiH  Ha  HeorpaHimeHHOM  ropii30HTe  BpeMeHii. 

PasBHBaeMaji  MeTopojioriiH  h  pe3yjiBTaTBi  pacnpocTpaHHiOTCH  Ha  ycjiOBiisi  KopnopaTi-iBHBix  cucTeM.  nojiy- 
neHBi  pe3yjiBTaTBij  onpepejunoipue  Mopejni  h  MeTop&i  KopnopaTiiBHoro  BBi6opa.  npo6jieMa  KopnopaTiiBHoro 
BBi6opa  CBopiiTCH  k  npo6jieMe  KOJUieKTiiBHoro  BBi6opa  h  pemaeTCH  MeTopaMii  nocjiepHeii.  MeTopBi  nee  peineHira 
npo6jieMBi  KOJUieKTiiBHoro  BBi6opa  ocHOBBmaiOTCJi  na  Tpex  aKCiiOMax:  npepnouTeHim  no  nojie3HOCTii,  epirno- 
rjiaciiH  h  TOJiepaHTHOCTii.  Tanaa  aKCiiOMaTiiKa  noponcpaeT  jieKCHMHHHoe  npepnouTemie  Ha  ajiBTepHaTiiBax.  Ero 
Hppo  He  nycTO,  a  sjieMeHTBi  o6jiapaiOT  cboiictbom  chjibhoii  ycTOiiniiBOCTH. 

Ha  ocHOBe  MeTopojioriiH  h  pe3yjiBTaTOB  Mopejin  ynpaBjieHiisi,  MOTiiBiipoBaHHoro  HHTepecaMH,  h  mctopob 
KopnopaTiiBHoro  BBi6opa  pa3BiiTBi  mctopbi  peineHira  npo6jieMBi  KopnopaTiiBHoro  ynpaBjieHira  pjia  ciictcm  Tima 
cj^epepapini  h  KOHcjrepepapiin. 

PaccMOTpeHBi  npiiMeHeHiiH  k  npo6jieMe  npeBeHTiiBHOii  6e3onacHOCTii  h  acjxjieKTHBHOCTH  cjiojkhbix  CTapeio- 
ipnx  ciictcm. 

PaSoTa  BBinojiHeHa  npu  noppepiKKe  POOH  (rpaHT  N2  05-08-33574  a). 


On  Problem  and  Methods  of  Corporative  Control 

Baranov  V.V.,  Baranova  E.L.,  Maslennikova  A.V.,  Matrosov  V.M. 

Stability  and  Nonlinear  Dynamics  Research  Center  under  Blagonravov  Mechanical  Engineering  Institute  of 

Russian  Academy  of  Sciences ,  Moscow,  Russia 

We  study  the  problem  of  control  in  systems  in  which  the  motivation  of  control  is  based  on  interests.  We  develop 
the  methodology  of  problem  formalization  and  its  solution,  assuming  that  the  interests  are  multi-aspect  and 
the  object  of  interests  is  stochastic  -  its  dynamics  is  described  by  the  Markovian  process.  We  developed  the 
methods  of  stable  compromise  basing  on  leximine  preference. 
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OB  OAHOM  TT07TX0.7TK  nOCTPOEHM  $YHKI];HH  JlfflyHOBA 
AM  MCCJIEAOBAHM  POEACTHOH  yCTOHHHBOCTK 
CHCTEM  ynPABJIEHHM 


BenceH6n  M.A.,  Kyjii>HHa30Ba  K.C. 

Eepa3uucKuu  HayuonaAbnuu  ynueepcumem  um.  JI.H.  fyMUAeea,  Ka3axcman 


coBpeMeHHbix  3a^an  ynpaBjieHHH  xapaKTepHBi  Bee  B03pacTaioiii,aH  cjiojkhoctb  o6T>eKTOB  ynpaBjiemiH,  Tpe- 
6oBaHiiH  BBicoKoii  3(J)4)eKTiiBHOCTii,  ycTOHHi-iBOCTi-i  h  KanecTBa  ynpaBjiaeMBix  npopeccoB  b  ycjiOBHHx  MHoro- 
HiicjieHHBix  orpaHiineHiiii  h  HenojiHoit  HHcfopManuH.  B  peajiBHBix  o6T>eKTax  ynpaBjieHHH  Heii36e>KHO  npiicyT- 
CTByeT  Heonpe^ejieimocTB,  a  npoeKTiipyeMan  cucTeMa  ynpaBjieHHH  ,n,o.Ji:>KHa  6bitb  pa6oTOcnoco6Ha  npii  HajuiuiiH 
Heonpe^ejieHHOCTii.  B  o6m,eii  nocTaHOBKe  iiccjie^OBaHiie  cucTeMbi  Ha  po6acTHyio  ycTOiiHiiBOCTb  coctoiit  b  yxa3a- 
hhii  orpaHHHeHiiii  Ha  H3MeHem-ie  napaMeTpoB  CiiCTeMBi  ynpaBjieHHH,  npn  KOTopbix  coxpaHHeTCH  ycTOiiHiiBOCTb. 
YHHBepcajiBHBiM  MeTO,a,OM  iiccjie^OBaHHH  ^HHaMHHecKHx  CHCTeM  HBjiaeTCH  npHMOH  MeTO,a,  A.M.  .HanyHOBa.  IIIh- 
poKoe  npiiMeHemie  ,n,aHHoro  MeTO,n,a  c^epnaiBaeTCH  OTcyTCTBiieM  o6m,ero  no.qxo.na  BBi6opa  cjjyHKHHH  JlHnyHOBa. 

IlycTB  3aMKHyTaa  cucTeMa  ynpaBjieHHH  3a^aHa  ypaBHem-ieM  coctohhiih 

cLK^  =  AX(t)  +  Bu(t),  X(t)&Rn,  u(t)  £  R1 .  (1) 

at 

3^ecB  A  —  MaTpi-ipa  o6rbeKTa  ynpaBjieHHH  c  neonpe,n,ejieHHbiMH  napaMeTpaMii  pa3MepHOCTii  n  x  n,  B  - 
MaTpupa  ynpaBjieHHH  pasMepHOCTH  n  x  1.  3aKOH  ynpaBjieHHH  u(t)  b  3aMKHyTOM  KOHType  3a^aeTCH  b  Bime 
CKajinpHOH  <J>yHKH,HH.  fljisi  yBejiiiHemiH  noTeHpiiajia  po6acTHOi"i  ycTOHHHBOCTH  peKOMeH,nyeTCH  BbidupaTb  3aKOH 
ynpaBjieHHH  u[t)  b  Kjiacce  CTpyKTypHO-ycTOiiHiiBbix  OTo6pa»ceHHH,  hto  npii^aeT  CHCTeMe  ynpaBjieHHH  cboh- 
CTBa  CBepxpo6acTHOi"i  ycTOHHHBOCTH.  ITocTporiM  (J)yHKH,Hio  .JlanyHOBa  TaxiiM  o6pa30M,  hto6bi  ee  rpa^neHT  6biji 
BeKTOpOM,  npOTHBOnOJIOHCHBIM  BeKTOpy  CKOpOCTI-I  CiiCTeMBi  (1) 


grad  V 


dx 

dt 


(2) 


Tor^a  nojiHaa  npon3BOAHaa  no  BpeMeHn  ot  4>yHKii;nn  JInnyHOBa  c  yneTOM  ypaBHeHHH  ABH^^Hnn  6yACT 
paBHa: 

W{x  ^  =  grad  V  ■ 

TaxiiM  o6pa30M,  nojraaH  npoH3BO,n,HaH  no  BpeMemi  ot  cjryHKpini  JlHnyHOBa  W(x\,  x%, . . . ,  xn)  <  0.  Jlnsi 
ycTOHHHBOCTH  CIICTCMBI  flOCTaTOHHO,  HT06bI  (J)yHKH,HH  JlHnyHOBa  6bIJia  3 H a KO 1 1 0 J 1 0>K H  T6  J I  b  H O H .  EcjIH  det  Vij  ^  0, 

d2V  „ 

reccnaH  cjryHKpiiH  JlHnyHOBa,  Tor^a  TeopeMa  Mopca  Teopini  KaTacTpocjr  rapaHTH- 


rAe  \\VijW  = 


dxidxi 


pyeT  cymecTBOBamie  rjia,n,KOH  3aMeHBi  nepeMeHHBix,  Taxon,  hto  cjryHKip-iH  JlHnyHOBa  jiOKajiBHO  mohcct  6bitb 
npe,H,CTaBjieHa  KBa/],paTHHHOH  (f>opMoii 


v  =  J2xivl 


rpfi  X i  —  Co6cTBeHHBie  3HaHeHIIH  MaTpiipBI  yCTOHHHBOCTH  Vij,  BblHIICJieHHbie  PJ1 H  COCTOHHIIH  paBHOBeCIIH. 

3aMeHa  nepeMeHHbix  ocymecTBjiHeTCH  nocpe^CTBOM  jihhchhbix  ii  HejniHeiiHbix  npeo6pa30BaHiiii,  npn  koto- 
pbix  <J)yHKH,HH  KanecTBeHiio  no,n,o6Hbi. 

Tan  Kan  cjryHKpiiH  .HHnyHOBa  3aBHCHT  ot  napaMeTpoB  chctcmbi  h  ynpaBjieHHH,  to  reccnaH  h  ero  co6cTBeHHbie 
3HaHeHiiH  TaK»ce  3aBHCHT  ot  3thx  napaMeTpoB.  IIoTpe6oBaB  BbinojiHemie  ycjiOBiiii  Aj  >  0  ^jih  nojiOHd-iTejibHOH 
onpe^ejieHHOCTii  cjryHKpHH  .IlHnyHOBa,  mohcho  onpe^ejiiiTb  o6jiacTb  po6acTHOi"i  ycTOHHHBOCTH  CiiCTeMBi  ynpaB- 
jieHiiH. 


Regarding  an  Approach  of  Liapunov’s  Function  Definition  for  Research 
of  Control  System’s  Robust  Stability 

Beisenbi  M.A.,  Kulniyazova  K.S. 

Eurasian  National  University,  Astana,  Kazakhstan 

New  approach  for  the  Liapunov’s  function  definition  is  proposed  that  its  gradient  is  vector,  reversed  to  speed 
vector  of  system.  Using  this  function  and  the  results  of  catastrophe  theory,  it  is  quite  possible  to  research  the 
control  system  robust  stability. 
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OB  yCTOHHHBOM  BOCCTAHOBJIEHHH  YIIPABJIEHHn  H 
<E>A30BBIX  KOOPAHHAT  AHHAMHHECKHX  CHCTEM 

BjiH3opyKOBa  M.C. 

Hncmumyrn  MameMamuKU  u  Mexanunu  YpO  PAH,  EKamepunUyps,  Poccuh 

06cy»c,ii,aeTCH  3a,n,aHa  ycTOiiuiiBoro  BOCCTaHOBjieHiia  (J>a30BBix  coctohhhii  h  ynpaBjieHiiii  no  pe3yjiBTaTaM  HeTon- 
hbix  H3MepeHHft  «Tiacrrn»  KOop^imaT  TpaeKTopnn  ^3 h h a m h t i e c ko h  cncTeMM.  Co,n,ep:>xaHiie  paccMaTpHBaeMoft  3a- 
^ani-i  TaxoBO.  IlMeeTca  ciiCTeMa,  oniiCMBaeMaa  BexTopHBiM  h  e  j  i  h  h  e  h  h  hi  m  ,giK]xj)epeHii,iiajiBHBiM  ypaBHemieM  c 
3ana3,a,BiBaHHeM  Bxo,n,a.  Ee  TpaexTopiin  3aBHCHT  ot  MeHaiomeroca  bo  BpeMenii  Bxo^Horo  B03,a,eiicTBiiH  —  ynpaB- 
jieHiia.  3apaHee  xax  ynpaBjiemie,  Tax  h  TpaexTopua  ne  3a,n,aHBi.  B  npopecce  cjry  hxii,hohhpob amia  ciiCTeMBi 
Ha6jiK),n,aeTCH  «nacTB»  cjiasoBBix  xoop/jyiHaT.  Ha6jnorn,eHiiH,  BOo6m,e  roBopa,  HerouHhi.  Tpe6yeTca  nocTpoiiTB 
ajiropiiTM  npii6jin>xeHHoro  BOCCTaHOBjiemia  (J>a30BBix  xoop^iiHaT,  a  Taxace  Bxo^a,  o6jia^aioni,Hii  CBOHCTBaMii 
flHHaMHHHOCTH  h  ycTOHHHBOCTii.  Cboiictbo  flHHaMHHHOCTH  03HanaeT,  hto  Texymyie  3HaneHiia  npnf)jiH>xeHHa  co- 
OTBeTCTByK>m,nx  xoop,a,HHaT  n  Bxo,a,a  BBipabaTBiBaiOTCJi  b  peajiBHOM  BpeMenii,  cboiictbo  ycTonuiiBOCTii  —  hto 
npn6jiHJxeHna  cxojib  yro^HO  tohhbi  npn  ,zi,ocTaTOHHOH  tohhocth  Ha6jno,n,eHHsi. 

3a^ana  OTHOCi-iTca  x  xjiaccy  o6paTHBix  3a^,an  flraaMHxn  ynpaBjiaeMBix  chctcm.  IIpe^CTaBjiaeMBiii  b  coo6- 
ineHHH  ajiropiiTM  omipaeTca  Ha  xoHCTpyxpini  Teopnn  ycTOiiuiiBoro  .gimaMiiHecxoro  o6pam,eHim.  riocae^Haa 
ocHOBaHa  Ha  coneTaHiin  mcto^ob  Teopnn  nexoppexTHBix  3a^an  n  Teopnn  no3im,iiOHHoro  ynpaBaemia.  CyTB 
MeTOflHxn  coctoht  b  tom,  hto  ajiropiiTM  BOCCTaHOBjieHiia  npe^CTaBjineTCn  b  Bii^e  ajiropiiTMa  ynpaBaemia  no 
npirapiiny  o6paTHoii  CBa3ii  iiexoTopoii  iicxyccTBeimon  ^imaMiinecxon  chctcmoh  —  MO^ejiBio.  ynpaBjiemie  b 
MO^ejni  a^anTiipyeTca  x  pe3yjiBTaTaM  Texyipiix  HafcixyteHHH  (J>a30BBix  cocToamin  TaxiiM  o6pa30M,  hto  ero  pe- 
ajiH3an,Ha  bo  BpeMemi  «annpoxcnMnpyeT»  xax  Heii3BecTHBin  bxo,h,  (b  cjiynae  H3MepeHna  Bcex  xoopgimaT) ,  Tax 
n  neii3MepaeMBie  xoopgimaTBi  (b  cjiynae  H3MepeHna  nacTii  xoop^imaT) . 

PaboTa  BBinojmeHa  npn  cjjiiiiaHCOBoii  noAHepacxe  Pocciiiicxoro  (JiOH^a  (J>yH,ii,aMeHTajiBHBix  iiccjie,n,OBamiH 
(npoexT  06-01-00359),  n  IIporpaMMBi  cjDyH^aMeHTajiBHBix  iiccjieflOBamin  TTpe3H,nnyMa  PAH  «npon,eccBi  ynpaB- 
jieHiia»  n  ypajio-cii6npcxoro  Meac^iicpiinjniHapHoro  npoexTa. 


On  a  Stable  Reconstruction  of  Phase  States  and  Controls  of  Dynamical  Systems 

Blizorukova  M.S. 

Institute  of  Mathematics  and  Mechanics,  Ural  Branch  of  RAS,  Ekaterinburg,  Russia 

A  problem  of  stable  reconstruction  of  phase  states  and  controls  through  results  of  inaccurate  measurements  of  a 
part  of  coordinates  of  dynamical  system’s  trajectory  is  under  consideration.  A  solving  algorithm  that  is  dynamic 
and  stable  is  designed.  The  algorithm  is  based  on  constructions  of  the  theory  of  stable  dynamic  inversion. 
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MATEMATHHECKOE  MOAEJIHPOBAHHE  ,H;BH>KEHH5I. 
IIPOrPAMMHOE  OEECIIEHEHHE  JJjlR  PEHIEHM  3AAAHH  CHHTE3A 
CHCTEMbI  YIIPABJIEHM  ABn^CEHHEM  BECIIHJTOTHblX 
JIETATEJIbHbIX  AIinAPATOB 

Bo6pohhhkob  B.T.,  MaTBees  A.B. 

MocKoecKuu  Aeuayuonnuu  MHcmumym 
(rocydapcmeemiuu  TexHuuecKuu  ynueepcumem),  Poccuh 

B  nocjiepmie  ropBi  o6jiacTii  scjxjreKTiiBHoro  npriMeHemiH  6ecniuiOTHBix  jieTaTejiBHBix  annapaTOB  (B.JIA)  Henpe- 
Pbibho  pacmiipsnoTCH.  OpHOBpeMeHiio  yBejiiiuiiBaeTCJi  piianasoH  MaccoBO-iiHepipiOHHBix  xapaKTepiiCTiiK  B.JIA 
(ot  HecKOJiBKO  coTeH  KiijiorpaMMOB  po  necKOJiBKiix  KiijiorpaMMOB)  h  CTeneHB  aBTOMaTH3an,HH  npopecca  ynpaB- 
jiemiH  ^BHJKeHHeM  B.JIA.  Bee  name  ycTOiimiBoe  pBi-incem-ie  annapaTa  no  3ap,aHHOii  TpaeKTopmi  o6ecneuiiBaeTCJi 
He  tojibko  6jiaro,n,ap5i  paipiOHajiBHOMy  BBi6opy  aspopiiHaMiinecKiix  xapaKTepiiCTiiK  B.JIA  xax  o6T>eKTa  ynpaBjie- 
hhm,  ho  h  c  noMompio  aBToniuiOTa.  KpoMe  Toro,  b  cocTaB  cucTeMBi  ynpaBjiemisi  BKjnonaeTCH  ne  tojibko  cucTeMa 
ynpaBjieHiiH  yrjiOBBiM  ^BiixcemieM  annapaTa,  ho  ii  cucTeMa  HaBepemisi. 

B  poKjiape  paccMaTpiiBaeTCH  pojib  MaTeMaTiinecKoro  MopejiiipoBamisi  npn  pa3pa6oTKe  BJIA.  npepcTaBjie- 
hbi  npe,n,BapHTejiBHBie  pe3yjiBTaTBi  peineHiin  sapauii  ciiHTe3a  cucTeMBi  ynpaBjiemisi  pBi-racem-ieM  B.JIA  cpepHero 
Kjiacca  caMOJieTHoii  KOMnoHOBOHHon  cxeMBi,  npepHasHaueHHoro  pjra  MOHiiTopiiHra  npopeccoB  Ha  3eMHOi“i  noBepx- 
hocth  c  noMom,Bio  annapaTypBi  BimeoHa6jno1n,eHnn.  IIpepnojiaraeTCJi,  hto  pBi-racem-ie  no  3a,n,aHHOMy  MapmpyTy 
nojiHOCTBio  aBTOMaTH3iipoBaHO  ii  o6ecneniiBaeTCJi  aBTOHOMHOii  chctcmoh  ynpaBjieHira.  TpaeKTopiia  pBi-internra 
cjjopMiipyeTCJi  nepep  nycKOM  B.JIA.  OHa  3a,n,aeTCJi  KOoppimaTaMii  h  bbicotoh  nyHKTOB  noBopoTa  MapmpyTa 
(nilM)  b  3eMHofi  ciiCTeMe  KOop/pmaT.  ABH>KeHI'ie  B.JIA  MejKpy  stiimh  nyHKTaMH  o6ecneuiiBaeTCJi  kom aHpaMii 
pByxKaHajiBHoii  aBTOHOMHOii  cucTeMBi  HaBepemiH. 

CucTeMa  HaBepeHim  o6ecneniiBaeT  pBi-racem-ie  B.JIA  k  ouepepHOMy  IIIIM  no  MeTopy  nponopipiOHajiBHoro 
c6jin>KeHiDi  b  ropii30HTajiBHon  njiocKOCTii  n  CTa6njiH3aii,Hio  pBinKeHira  peHTpa  Macc  b^ojib  jiiihiih  3apaHHoro 
HanpaBjieHiiH  b  BepTiiKajiBHon  njiocKOCTii.  HHcJjopMaipien  o  TexyipeM  nojionceHiin  B.JIA  cncTeMy  ynpaBjiemisi 
o6ecneniiBaeT  6ecnjiaT(f>opMeHHa5i  imepipiajiBHasi  HaBiiraipiOHHasi  cucTeMa  (BHHC),  KOMnjieKcnpoBaHHasi  co 
cnyTHHKOBon  HaBHrapnoHHoii  chctcmoh. 

CucTeMa  ynpaBjiemisi  yrjiOBBiM  pBiisKemieM  smjisieTCsi  TpexKaHajiBHoii.  OHa  coctoht  113  p,Byx  npopojiBHBix 
KaHajiOB  ii  KaHana  KpeHa.  IIoBopoT  TpaeKTopmi  b  ropii30HTajiBHoii  njiocKOCTii  k  nilM  o6ecnemiBaeTCsi  pByMn 
BapnaHTaMii  pa3BopoTa:  njiocKnfi  min  KOoppiimipoBaHHBin . 

B  poKjiape  paeTCH  onncaHiie  naxeTa  nporpaMM,  pa3pa6oTaHHoro  pjisi  peinemisi  3a,n,ami  ciiHTe3a  cucTeMBi 
ynpaBjiemisi  B.JIA  yKa3aHHoro  Kjiacca.  UlaKeT  peajiii30BaH  b  CiiCTeMe  nporpaMMiipoBamisi  MATLAB.  Oh  bkjiio- 
naeT  nporpaMMy  nocTpoemisi  onopHBix  TpaeKTopnii  npn  pbhjkchhh  B.JIA  no  3apaHHOMy  MapmpyTy,  pacneTa 
piiHaMii'iecKHx  KOScjjcjmpiieiiTOB  h  nepepaTOHHBix  (.{jyhkhhh  B.JIA  KaK  o6T>eKTa  ynpaBjiemisi  bpojib  TpaeKTopnii; 
nporpaMMBi  MopejinpoBamisi  h  ciiHTe3a  cucTeMBi  ynpaBjiemisi  yrjiOBBiM  ^BiisKemieM  b  H30JiiipoBaHHBix  KaHajiax 
ii  TpexKaHajiBHoro  aBToniuiOTa;  nporpaMMy  MopejiiipoBam-iH  npocTpaHCTBeHHoro  ynpaBjmeMoro  ^BiisKemisi  .HA 
c  yneTOM  Bcex  KOMnoHeHT  cucTeMBi,  b  tom  nncjie  aBToniuiOTa,  cucTeMBi  HaBiirapnii  Ha  ocHOBe  BHHC  n  cucTeMBi 
HaBepemni. 

IIpepcTaBjieHBi  pe3yjiBTaTBi  peinemisi  3ap,ann  ciiHTe3a  chctcmbi  ynpaBjieHim  pBiinceniieM,  iijunocTpupyiomHe 
iicnojiB30BaHiie  pa3pa6oTaHHoro  nporpaMMHoro  o6ecneneHiDi  na  OTpejiBHBix  STanax  pememni  3apann  ciiHTe3a 
ii  npn  aHajiii3e  ynpaBjmeMoro  pBi-ixemisi  B.JIA  b  pejiOM. 


Mathematical  Modeling  of  Movement.  The  Software  for  Solving  of  Unmanned 
Aerial  Vehicles  Autopilot  Synthesis  Problem 

Bobronnikov  V.T.,  Matveev  A.V. 

Moscow  Aviation  Institute,  Russia 


Mathematical  modeling  in  design  of  unmanned  aerial  vehicles  is  discussed.  A  software  created  for  the  solution 
of  synthesis  problem  for  the  unmanned  aerial  vehicles  control  system  is  presented. 


HEJIHHEHHAH  TEOPHX  VII PA  BJIEHHH 
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CTABHJIH3AIJH5I  HEJIHHEHHbIX  CHCTEM  nO  BblXO^V 
B  YCJTOBMX  3  A  n  A  37TBTP,  A  HIT  9f 

Bo6u,ob  A. A.,  rpHropt.es  B.B.,  HHKOJiaes  H.A. 

CaHKm-nemep6ypzcKuu  gocydapcmeennuu  ynueepcumem  UH(f)op.MayuoH'Hux  mexHOAOduu, 

MexanuKU  u  onmuKU,  Poccuh 


B  Tenem-ie  nponuiBix  AByx  flecHTHjieTHft,  npo6jieMa  crraf)Hj[H3anHH  jiHHeiiHhix  ci-iCTeM  c  3ana3,a,biBaHiieM  no 
BpeMemi  HBjiajiacB  npe,a,MeTOM  AOCTaTOHHO  o6nnipHBix  nccjieAOBaffiiH.  MHoro  HHTepecHBix  pe3yjiBTaT0B  6bi- 
jio  npe,a,CTaBjieHO  b  jniTepaType.  OAnaKO  Majio  BHHMaraa  6bijio  cocpe^OToneHO  Ha  HejiiiHenHBix  cncTeMax  c 
3ana3,a,BiBaHHeM.  B  a&hh°h  pa6oTe  paccMaTpiiBaeTCH  3a,a,ana  ciiHTe3a  3aK0Ha  ynpaBjiemiH,  o6ecnemiBaiom,ero 
cxoahmoctb  bbixoahoh  TpaeKTopim  HejiHHeftHOH  cncTeMBi  k  Hyjiro.  PaccMaTpiiBaeTca  HejiHHeftHMH  o6T>eKT  Bima 


y(t) 


Kp) 

a(p) 


u(t )  + 


c(p) 

a(p) 


x(t), 


(1) 


r^e  p  =  d/dt  o6o3HanaeT  onepaTop  ^ncjjcJjepeHpHpoBaHHH;  b bixoah an  nepeMeimaa  y  =  y(t)  H3MepsieTC5i,  no 
ee  npoii3BO,a,HBie;  b(p)  =  bmpm  +  ■  ■  ■  +  b±p  +  bo,  n  c(p)  =  crpr  +  •  •  •  +  Cip  +  cq  -  nojnmoMBi  c  H3BecTHBiMri 

K034)4)iin,iieHTaMii;  hi-icjio  r  <  n  —  1;  nepeAaTOHHan  cjDyHKpiiH  invieeT  OTHOCiiTejiBHyio  CTeneHB  p  =  n  —  m; 

a(p) 

nojniHOM  b{p)  —  rypBiipeB  h  napaMeTp  bm  >  0;  Heii3BecTHan  (JjyHKpiiH  uj(t)  =  <p(y(t  —  r))  yAOBjieTBopneT 
cjie^yromeMy  Aonymemno: 


I P(y(t  -  r))|  <  C0\y{t  -  t)|  AJi a  Bcex  y(t  -  r), 


(2) 


r^e  r  >  0  -  Heii3BecTHoe  nocTOsnmoe  3ana3ABiBaHiie,  y(id)  =  Vi?  £  [— r,  0]  n  hhcjio  Co  >  0  H3BecTHO. 

HcnojiB3ya  tojibko  H3MepeHiiH  bbixoahoh  nepeMeHHOii,  b  AaHH°ii  padoTe  npeAJionceHa  cxeMa  ynpaBjiemiH 
BHAa 

u{t)  =  -ct(p)(p  +  K)y{t),  (3) 


rAe  hhcjio  p  h  jno6oii  rypBiipeB  nojniHOM  a{p)  CTeneHii  p  —  1  —  Tam-ie,  hto  nepeAaTOHHaa  cjryHKAHH  W ( p )  = 
b{p)a{p) 

— — - — — — —  aBjiaeTca  CTporo  BCin,ccTBeHHO  nojioxcnTejiBHon;  nojioxcnTejiBHBin  napaMeTp  n  ncnojiB3yeT- 

a(p)  +  pb(p)a(p) 

cn  ,h,jih  KOMneHcan;nn  Heonpe^ejieHHOCTH  p(y(t  —  r));  (JjyHKipia  y(t)  paccnnTBiBaeTcn  corjiacHO  cjie/iyiomeMy 
ajiropnTMy 

r  ii(t)  =  Ut)  =  (t) 


iP-i(t )  =  er(— fci£i(t) - /cp_i^p_i(<)  +  fci  y(t)), 

y(t)  =  £i{t), 


(4) 

(5) 


rAe  hhcjio  cr  >  p  +  k  h  napaMeTpBi  ki  bbihhcjihiotch  TaxiiM  o6pa30M,  hto6bi  cucTeMa  (5)  6i>ijia  acHMnTOTHHecKH 
ycTOHHHBOH  npn  y(t )  =  0. 

C  iicnojiB30BaHiieM  cjjyHKAiiOHajia  JInnyHOBa-KpacoBCKoro  AOKa3aHO,  hto  cymecTByiOT  nojiOKiiTejiBHBie  hiic- 
jia  /i  h  k,  TaKiie  hto  lim  |y(<)|  =  0. 


Output  Stabilization  of  Time-Delay  Nonlinear  Systems 

Bobtsov  A. A.,  Grigoriev  V.V.,  Nikolaev  N.A. 

Saint  Petersburg  University  of  Information  Technologies,  Mechanics  and  Optics,  Russia 

This  paper  deals  with  the  output  stabilization  of  time-delay  systems  with  sector-bounded  nonlinearity.  In  this 
paper  we  will  consider  the  problem  of  absolute  stability  for  a  class  of  time-delay  systems  which  can  be  represented 
as  a  feedback  connection  of  a  linear  dynamical  system  with  unknown  parameters  and  a  uncertainty  nonlinearity 
satisfying  a  sector  constraint.  For  a  class  of  output  control  algorithms  a  controller  providing  output  asymptotic 
stability  of  equilibrium  position  is  designed. 
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JIOKAJIbHA5I  IIAPAMETPHHECKA5I  HAEHTMHIjnPyEMOCTb 
JlMHEHHblX  CTAIJHOHAPHbIX  CHCTEM  nO  O^HOKPATHOMY 
HAEJIIOAEHniO  HX  PEIHEHHH 

bo/],yHOB  H.A. 

Ca,HKm-nemep6ypscKuu  eocydapcmeennuu  3AeKmpomexHuuecKuu  ynueepcumem,  «JI9TI4» 

um.  B.H.  YAbAHoea  (JlenuHa),  Poccua 

PaccMaTpi-iBaeTca  3aBncjnn,aH  ot  napaMeTpa  cucTeMa  jumeftHBix  ^i-KjxJjepeHpiiajiBHBix  ypaBHeHHft  c  iioctohhhbi- 
mii  K03c})(j.)H uH6HrraM n .  Bbo,h,I'Itch  noHsmie  jiOKajiBHon  napaMeTpnnecKOH  H^eHTiicjjimiipyeMOCTii  3toi"i  ciiCTeMBi 
no  Ha6jno,a,eHiiio  ee  pememiH  b  npoii3BOJiBHBin  MOMem  BpeMenii,  3aKjnonaK>m,eecH  b  bo3mo>khocth  0,n,H03HaHH0- 
ro  onpe,a,ejieHiiH  napaMeTpa  cncTeMBi  no  pe3yjiBTaTaM  SKcnepiiMeHTa.  IIojiyneHBi  Heo6xo,n,HMBie  n  ,n,ocTaTonHBie 
ycjiOBHH  jiOKajiBHOii  napaMeTpnnecKoit  h  /  ip  h  t  n<f)  h  r  i.  h  p  y  e  m  o  c  t  h  paccMaTpi-maeMon  cncTeMBi  npn  ^onojiHHTejiB- 
hom  orpaHH'ieHHH  Ha  MaTpnny  cncTeMBi.  AHajiH3iipyeTCH  cbh3b  nojiyneHHBix  ycjiOBiin  c  noBe^enneM  cneKTpa 
3TOH  MaTpnpBi. 


Local  Parametric  Identifiability  of  Linear  Stationary  Systems  Via 
a  Single-Time  Observation  of  Solutions 
Bodunov  N.A. 

Saint  Petersburg  State  Electrotechnical  University,  Russia 

We  consider  a  special  case  of  a  system  of  linear  stationary  differential  equations,  depending  on  a  parameter.  We 
obtain  necessary  and  sufficient  conditions  of  local  parametric  identifiability  for  the  system  via  an  observation  of 
a  solution  at  an  arbitrary  time  moment.  We  analyze  relations  between  the  conditions  obtained  and  the  behavior 
of  the  spectrum  of  the  system  matrix. 


HEJIHHEHHAH  TEOPHR  VI I  PA  BJIEHHH 
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30HbI  HMMYHHTETA  H  CYBEPEHHTETA  YnPABJTHEMOH 
AHHAMHHECKOH  CnCTEMBI  HA  nJTOCKOCTH 

ByTeHHHa  ,3(.B.*,  ByTemma  H.H.**,  MeTpHKHH  H.A.* 

*  rocydapcmeeHHUu  ynueepcumem  aepoKOCMunecKoeo  npuSopocmpoenun,  Poccuh, 

** HutmeeopodcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  ynpaBjineMan  ,n,nHaMHHecKaH  ciiCTeMa  (YAC)  c  acjxjiHHHBiM  ynpaBjieHiieM 

n 

X  =  P0(X)  +  Y/ui(t)Pi(x ),  (1) 

i= 1 

r,a,e  X  g  R2,  Pj(X)  ( j  =  0 ,n)  {R2  R2}  -  BeKTop-^yHKpiiH  Kjiacca  CK  ( k  >  3),  U(t)(ui(t), . . . ,  un(t)) 

{R1  — >  R11}  -  KycoHHO-HenpepBiBHaa  orpaHnueHHaH  <J>yHKnHH,  m*  <  ut  <  rij.  OrpaHiiueHiiH  na  ynpaBjieHiie 
hbjihiotch  napaMeTpaMi-i  YAC. 

IlycTB  pejiBio  ynpaBjieiiiiH  HBjineTCH  ycTOiiuiiBoe  pemem-ie  ivo  o^hoh  H3  aBTOHOMHBix  ci-iCTeM,  OTBenaiomeii 
ycjiOBiiio  Uj(t)  =  yi  =  const  (i  =  1,2 llpii  BBinojiHemm  onpe,n,ejieHHBix  ycjiOBini,  iianojKeHHBix  na 
ciiCTeMy  (1),  cymecTByroT  Taxiie  orpaHnueHiiH  Ha  ynpaBjieHiie,  npii  kotopbix  o6jiacTB  ynpaBjineMOCTii  V(wq)  b 
cocTOHHiie  to o  HMeeT  6e3onacHBie  30hbi,  113  kotopbix  npii  3a,n,aHHBix  orpaHiineHiiax  Ha  ynpaBjieHiie  HeT  BBixo^a. 
MaKCHMajiBHyio  H3  TaKiix  30H  na3BiBaiOT  30hoi"i  HMMyHHTeTa.  H3BecTHO  [1],  hto 

1)  npii  pacniHpeHHH  orpaHH'ieHHH  Ha  ynpaBjieHiie  30Ha  HMMyHiiTeTa  MO*eT  tojibko  okhmetbch  (b  OTjnimie  ot 
o6jiacTeii  ynpaBjineMOCTii  h  aocthskhmocth)  ; 

2)  ,h,jih  miipoKoro  Kjiacca  YAC  mohcho  yKa3aTB  TaKiie  orpamiHeHiiH  na  ynpaBjieHiie,  npii  kotopbix  o6jiacTB 
ynpaBjuieMOCTH  He  HMeeT  6e3onacHBix  30H. 

Ecjiii  pejiBio  ynpaBjieHiiH  HBjineTCH  a6cojnoTHO  HeycTOiimiBoe  npe^ejiBHoe  MHoncecTBO  uj*  o^hoii  H3  hbto- 
homhbix  Ci-iCTeM  ( m(t )  =  Vi  =  const)  ceMeiiCTBa  (1),  to  npn  onpe,a,ejieHHBix  ycjiOBiiHx  b  o6jiacTii  ^,octh>khmocth 
D{u>*)  cymecTByroT  co6cTBeHHBie  30hbi  Sa(u>*),  b  KOTopnie  HeT  ,n,ocTyna  ii3BHe.  MaKCHMajiBHyio  H3  Tam-ix  30H 
Ha3BiBaiOT  30HOH  cyBepeHHTeTa  coctohhhh  o>*  (MHHHMajiBHoft  HBjineTCH  o6jiacTB  ynpaBjineMOCTii  U(u>*)).  ripn 
pacniHpeHHH  orpaHiineHUH  Ha  ynpaBjieHiie  30hbi  cyBepeHHTeTa  MoryT  tojibko  OKHMai’bcn.  AAa  miipoKoro  Kjiac¬ 
ca  YAC  cymecTByroT  TaKiie  orpaHiiueHiiH  na  ynpaBjieHiie,  npii  kotopbix  cocTOHHiie  co*  /i^ocitijkhmo  H3  jho6oi"i 
to'ikh  o6jiacTii  HBjuiiomeHCJi  b  TaKOM  cjiynae  o6jiacTBio  nojiHoii  ynpaBjuieMOCTH. 

B  HacTOHmeii  pa6oTe  uccjie^OBaHa  YAC,  omiCBiBaiomaH  npii  pa3JiiiHHBix  SHa'ieHm-rx  napaMeTpoB  ,n,ocTaTOHHO 
niHpoKHH  Kpyr  <J)H3HnecKHx  HBjiemiii.  HaftfleHBi  orpaHiineHiiH  Ha  ynpaBjieHiie  h  bh^  ynpaBjiHiomeii  cjryHKpiiH, 
npii  kotopbix  B03MOHceii  nepeBO,n  ii3o6pa>Kaioiii,eH  tohkh  H3  ycTOimiiBoro  cjiOKyca  Ha  HeycTOiinuBBiii  npe^ejiBHBiii 
H.HKJI  0,H,H0H  113  aBTOHOMHBix  CIICTeM  CeMeiiCTBa  YAC- 

JlHTepaTypa 

[1]  ByTeHHHa  H.H.  3ohbi  HMMyHHTeTa  ynpaBjiaeMBix  flHHaMHuecKHx  CHCTeM  Ha  njiocKOCTH.//  AH4>4>epeHii,HajiBHbie  ypaB- 
HeHiiH.  1999.  t.35,  N®  5.  c.  630-637. 


Immunity  and  Sovereignty  Zones  for  a  Controlled  Dynamical  System  on  the  Plane 

Butenina  D.V.*,  Butenina  N.N.**,  Metrikine  I.A.* 

*  State  University  of  Aerospace  Instrumentation,  Saint  Petersburg,  Russia, 

**  Nizhny  Novgorod  State  University,  Russia 

For  a  second-order  controlled  dynamical  system  (CDS)  with  affine  control  it  is  proved,  that  when  control  function 
values  region  widens,  the  pointed  zones  may  decrease  only  and,  as  a  rule,  disappear  by  leap. 

A  particular  mathematical  model,  where  immunity  zone  disappearance  is  observed,  is  examined. 
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<f>A30BbIH  IIOPTPET  ynPABJIHEMOH  flHHAMH^ECKOH 
CHCTEMbI  HA  nJTOCKOCTH 

ByTeHHHa  H.H.,  KopodmpiH  B.B. 

HucucezopodcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  ynpaBjiaeMaa  .giiHaMiiuecKaji  ciiCTeMa  (Y/IC)  Bima 

n 

X  =  P0(X)  +  Y/ui(t)pi(x ),  (1) 

i= 1 

r,n,e  X  G  R2,  Pj{X )  ( j  =  0 ,n){R2  — >  R2}  <J>yHKhHH  Kjiacca  CK  ( k  >  2),  u(t)(ui(t), . . .  — >  Rn} 

npoii3BOJiBHaH  KycoHHO-HenpepBiBHaa  (|)yhkhhm,  3HaueHim  KOTopoii  npnHafljiejKaT  3aMt>iKaHnio  orpaHH'ieHHOH 
BBinyKjioii  o6jiacTii  G  c  Ky co ' i  h o-  rj i a; t ko ii  rpaHiipeii. 

rjiaBHyio  pojiB  npii  KauecTBermoM  nccjieflOBaHHH  Y^C  nrpaiOT  «ciiCTeMBi  o,a,HOCTopoHHero  nepeceueHiisi», 
T.e.  TaKiie  cucTeMBi,  TpaeKTopiiii  kotopbix  ,gpyrnMn  ^onycTiiMBiMii  TpaeKTopiiHMii  nepecexaiOTCH  tojibko  b  no- 
jicoKiiTejiBHOM  (oTpiipaTejiBHOM)  HanpaB jieHini .  Oco6bie  (op6i-iTHO-HeycTOi“ra-iBBie)  TpaeKTopiiii  Taxiix  chctcm 
pa36iiBaiOT  <J)a30ByK>  njiocKOCTB  Ha  «HHei"iKii»  (  aHanon-i  siueeK  aBTOHOMHBix  cucTeM  na  njiocKOCTi-i) . 
CnpaBe^jiiiBBi  yTBepHygeHiiH : 

1.  ecjin  b  TOHKe  a'leHKH  «g,»  YAC  (1)  jiOKajiBHO  ynpaBjiaeMa  h  U(M0)[D(M0)]  —  o6jiacTB  ynpaBjiaeMO- 
CTI-I  B  Mq  (.gOCTIDKHMOCTH  H3  TOHKI-I  Afo),  to  flJIH  JII06OH  TO'IKH  Ml  3TOII  H'leiiKH  U (M[  j  =  U(M0), 

D(Mi)  =  D(M0); 

2.  ecjin  TOHKa  Mo  HBjiaeTca  rpaHHUHOii  to'ikoh  MHOxecTBa  U{Mo){D{Mo)),  to  jno6aa  .npyraa  TOHKa  stoii 
M'leiiKH  TaK»ce  HBjiaeTca  rpaHiiuHoii  toukoh  mho>kgctb  a  U{Mi){D{Mi)).  ITpn  stom,  ecjin 
dU(M0)(dD(AI0))  co,a,ep>KHT  KaKyK)-jni6o  oco6yro  nojiyTpaeKTopnio,  to  dU (M-l)(dD( M-t ) )  co,a,ep>KHT  no- 
jiyTpaeKTopiiio  toii  »ce  caMOH  oco6oi“i  TpaeKTopiiii.  B.B.  Kopo6iih,iihbim  paspa6oTaH  nporpaMMHBiii  kom- 
njieKC,  no3BOJiHiom,HH  ctpohtb  oco6uie  TpaeKTopiiii  Y,H,C  (1)  h  ^jih  npoii3BOJiBHoii  tohkh  K  OT,n,e.jiBHOH 
HHeilKH  CTpOIITB  MHOHCeCTBa  ynpaBJIHeMOCTII  H  flOCTHJKHMOCTH. 

JlHTepaTypa 

[1]  ByTeHHHa  H.H.  SueiiKH  ynpaBjiaeMbix  fliiHaMHuecKiix  CHCTeM  Ha  njiocKOCTH.  //7^H4>4)epeHH,HajibHbie  ypaBHemiH. 

2000.  t.36,  11.  c.  1458-1463. 

[2]  ByTeHHHa  H.H.,  Kopo6hh,hh  B.B.  KauecTBeHHO  —  HHCjieHHoe  iiccjieflOBaHHe  ynpaBjiaeMbix  flHHaMiiuecKHx  chctcm  Ha 
njiocKOCTH.  Tpyflbi  KOHchepeHipiH  MM02001.  CaMapa,  Pocchh.  c.  86-89. 


Phase  Portrait  of  a  Controlled  Dynamical  System  on  the  Plane 

Butenina  N.N.,  Korobitsin  V.V. 

Nizhny  Novgorod  State  University,  Russia 

It  is  stated,  that  for  phase  portrait  construction  for  a  controlled  dynamical  system  (CDS)  with  affine  control  it 
is  enough  to  know  CDS  singular  trajectories,  which  divide  the  phase  plane  over  elementary  cells. 

For  each  two  points  of  one  cell,  controllability  (attainability)  regions  either  coincide  or  have  common  kernel. 
Program  complex,  allowing  to  construct  CDS  singular  trajectories,  is  worked  out. 


HEJIHHEHHAH  TEOPMR  VII PA  BJIEHHH 
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K0MII03HTHA5I  MO^EJlb  TPAHCOOPMHPyiOIIJErOC^I  nPOIJECCA. 
IIPOrPAMMHOE  yilPABJTEHHE  n  HHBAPHAHTHblH  CHHTE3 

Bajiyes  A.M. 

Mocko6ckuu  gocydapcmeemtuu  sopnuu  ynueepcumem, 

HHcmumym  MamuHoeedenun  PAH,  Poccuji 

Mo,n,ejiii  npoqeccoB  c  RauecTBeHHOii  flEHamKofi  ii3BecTHbi  c  1960-x  r.r.  (B.B.  BejnmeHRO,  Jl.T.  ArpenROB, 
A.C.  OiijiaTteB),  rjiaBHbiM  o6pa30M  pjisl  3a,n,aH  ROCMimecRoro  nojieTa.  B  sthx  MO,a,ejiHx  ypaBHemiH  /pmaMUKH 
ciiCTeMbi  H3MeH5noTca  npii  nepeRjironeHiiax,  nocjie,n,OBaTejibHOCTb  KOTopbix  (cpeHapim  npopecca)  cjuiRCiipoBa- 
Ha.  «Mo,a,ejib  ynpaBjieHiia  RaTacTpocj)OH»,  BBe,n,eHHaji  b  1990-x  r.r.  B.B.  BejnmeHRO;  npimpiimiajibHO  ,n,onycRaeT 
pa3JiimHbie  cpeHapiiii  npopecca. 

Ilccjie^OBaHiie  3a^,an  ynpaBjieHiia  npoii3BO,n,CTBeHHbiMH  CHCTeMaMH  b  ropHO^o6biBaioin,eii  npoMbiuijieHHOCTH 
h  neKOTopbix  .npyrax  OTpacjiax,  a  TaRHce  3a^,an  pacnpe^ejieHiia  pecypcoB  npii  BbinojiHeHiiii  npoeKTa  noKa3ajio, 
hto  ohii  MoryT  6biTb  npe^CTaBjieHbi  b  cjropMe  romho3hthoh  MO^ejin  TpaHC(J)opMiipyioru,erocH  npopecca,  rom6h- 
HiipyK>in,eii  MO^ejin,  omicbiBaeMbie  o6biKHOBeHHbiMi-i  ^ncjjcjDepeHpiiajibHbiMH  hjih  pa3HOCTHbiMii  ypaBHeHiiHMii  c 
ynpaBjiemieM  h  aBTOM aTHbie  Mpuejin.  Ilpopecc  pa36iiBaeTca  Ha  3apaHee  He  onpe^eaermoe  ROJiimecTBO  N  3Ta- 
noB  —  BpeMeHHbix  HHTepBajiOB  [' T[k ),  T(k  +  1)  =  T(k)  +  t(k)),  k  =  1, . . . ,  N,  h  Ha  /i-om  3Tane  xapaKTepii3yeTca 
BeKTopaMi-i  KanecTBeiiHoro  coctohhiih  d(k)  (npiiHiiMaiomero  3HaHeiiiie  H3  ROHeuHoro  MHoncecTBa  Ap)  h  ynpaB- 
jieHiia  u(k)  £  Rm,  KOHeHHbiM  x1(k)  £  Rn  h  HauajibHbiM  x°(k)  £  Rn  coctohhiihmh.  OROHuaHiie  3Tana  CBjraaHO 
c  HacTynjiem-ieM  Ha6opa  co6biTiiii  S(k)  C  1, . . . ,  L.  CucTeMa  cooTHOineHiiii  MO^ejin: 

x\k)  =  Y(d(k),x°(k),u(k),t(k)),x°(k+1)  =  X(S(k),d(k),x1{k)),d(k+l)  =  D(S{k),d(k)),  k  =  l,...,N,  (1) 

T(N  +  1)  =  T0-  x]{s)(k)  -  xs0(d(k))  =  0,  s  £  S(k),  xj(s)(k)  -  xs0(d(k))  <  0,  s  g  S(k),  k=l,...,N,  (2) 

rf(d(k),u(k))  <  0 ,j£  Ji (d(k)),  rf(d(k),u(k))=0,j  £  J2(d(fe)),  k  =  l,...,N,  (3) 

rj(d(k),x1(k))  <  0,  j  £  A'i(s),  s  £  S(k),  rj (d(k),x(k))  =  0,  j  £  K2{s),  s  £  S(k),  k  =  l,...,N.  (4) 

PaccMaTpi-iBaeTca  3a^,ana  MHHHMH3aHHH  TepMiiHajibHoro  pejieBoro  <f>yHRii,HOHajia: 

Fo(x1(N))  — >  min.  (5) 

B  .npKjia^e  cjiopMyjiHpyiOTCJi  pa#  ycjiOBim  a^eKBaTHOCTH  MO,n,ejiH.  CpeHapnii  S  =  (S'(l), . . . ,  S(N))  onpe- 
.nejiaeTca  ynpaBjiemieM  u  =  (u(  1), . . .  ,u(N)),  ecjm  HecTporoe  HepaBeHCTBO  b  (2)  3aMeHiiTb  Ha  CTporoe,  imane 
HMeiOTca  pa3jiHHHbie  cpeHapHbie  npe^,CTaBjieHiisi  o^Horo  h  Toro  ace  ynpaBjieHiia.  IIpH  cjniRCiipoBaHHOM  cpeHapini 
cooTHomeHiia  (l)-(5)  onpe^ejiaroT  3a^,auy  .nyiCRpeTHoro  onTHMajibHoro  ynpaBjiemia,  ycjiOBiia  onTHMajibHOCTi-i 
^jia  KOTopbix  ycTaHOBjieHbi  paHee  (b  t.h.  ycTaHOBjieHHbie  aBTopoM  ycjiOBiia  c  npiiMeHeHiieM  fleROMno3Hij,HH  no 
ciiCTeMe  orpaHiineHiiii) .  B  cjiyuae,  Kor^a  npn  neKOTopoM  k  dimS’(fc)  >  1  hjih  t(k)  =  0,  B03MoaceH  nepexo^i,  k  APy- 
roMy  cpeHapHOMy  npe^CTaBjieHino,  ycjiOBiia  nepexo^a  BbiTeicaiOT  H3  (l)-(4).  C  hx  Hcnojib30BaHi-ieM  BbiBO^aTca 
HOBbie  ycjiOBiia  onTHMajibHOCTi-i,  no^oGHbie  npHHpiiny  MaKCHMyMa.  I4cnojib3yeMbie  npii  stom  BbiHiicjiHTejibHbie 
KOHCTpyKH,HH  n03BOJiaK>T  CTpOHTb  HHCJieHHbie  MeTO^bl  OnTI1MH3 aU,I1H  Ha  OCHOBe  pa3BHTIia  ^I,eKOMn03HH,HOHHOrO 
MeTO^a  ^jia  3a^3,an  ^.iiCKpeTHoro  onTHMajibHoro  ynpaBjieHiia. 

Bo3Mym,eHiia  b  MO^,ejiii  Tima  (l)-(5)  MoryT  npoaBjiaTbca  Kan  b  ypaBHeHiiax  flEHaMHKH  h  rpaHCtfiopManim 
(1),  Tan  ii  b  orpaHimeHiiax  (3),  (4)  h  MoryT  npiiBecTii  k  H3MeHeHiiio  nporpaMMHoro  cpeHapua  npopecca.  B 
^OKjia^e  npe^jioaceHO  pa3BHTiie  MeTO^a  HHBapiiaHTHoro  ciiHTe3a  (no  Bepciiii  B.B.  BejiimeHRo),  ocHOBaHHoe  Ha 
ROM6iiHiipoBaHHOM  nocTpoeHiiii  HOMiiHajibHoro  ynpaBjieHiia  na  OCHOBe  nporpaMMHoro  ynpaBjieHiia  (ajih  9Ta- 
noB,  cooTBeTCTByiomiix  HOMimajibHOMy  cpeHapino)  h  CTaH^apTHoro  ynpaBjieHiia  Ran  <]i)yHKHHH  d(k)  h  BBe^eHiiii 
^onojiHHTejibHbix  ROMneHcan,HOHHbix  cjiaraeMbix. 

Composite  Model  of  a  Transforming  Process. 

Program  Control  and  Invariant  System  Synthesis 

Valuev  A.M. 

Moscow  State  Mining  University,  Russia 

A  hybrid  model  is  introduced  to  represent  production  processes  in  the  mining  industry  and  some  other  branches 
as  well  as  resource  planning  in  project  scheduling.  In  the  model  the  process  dynamics  combines  ODE  or  difference 
equations  depending  on  the  qualitative  state  vector  within  a  stage  and  transformation  equations  for  both 
quantitative  and  qualitative  state  vectors.  Adequacy  and  optimality  conditions  are  established  enabling  to 
calculate  the  optimum  control.  For  disturbed  processes  a  version  of  V.  V.  Velichenko’s  invariant  system  synthesis 
method  is  proposed. 
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PEAJIH3AU;H5I  OrPAHHHEHHOn  OEPATHOH  CB5I3H  B  HEJinHEKHOH 

3AAAHE  PEryJIHPOBAHM 

ra6acoB  P.  <!>.*,  KnpiiJiJioBa  PyjKHpKaa  E.A.*** 

*  BejiopyccKuu  eocydapcmeennuu  ynueepcumem,  Muhck, 

**  Hncmumym  MameMamuKU  HAH  PE,  Muhck,  Benapyce, 

***  ToMeAbCKUu  socydapcmeennuu  ynueepcumem  um.  &.  Cnopunu,  EeAapyce 

Om-iCMBaeTCH  MeTcyi,  pemeHiia  KjiaccH'iecKOH  salami  peryniipoBamni  b  Kjiacce  orpaHHneHHBix  ynpaBjunonp-ix 
B03^eiicTBiiii  .zyia  HejiiiHenHon  ciiCTeMBi  c  o6ecneneHiieM  ^onojiHiiTejitHBix  cboiictb  nepexo,n,HBix  npopeccoB. 
PaccMaTpiiBaeTCH  HejniHenHaji  mmaMnnecKaji  cucTeMa 

x  =  Ax  +  b(x)u,  x  €  X,  t  >  0,  X  c  Kn,  (1) 

r^e  x  =  x(t)  —  n-BeKTop  coctohhiih  CiiCTeMBi  b  momcht  BpeMemi  t;  A  €  Rnxn  —  nocTOHHHaa  MaTpiipa, 
b{x),  x  €  R"  —  .a.ocTaTOHHO  rjia^Kaa  n-BeKTop-cjryHKiiyni,  u  =  u[t)  €  R  —  3HaneHHe  ynpaBjunomero  B03,n,eHCTBini 
u(t),  |u(f)|  <  L,  t  >  0  (0  <  L  <  oo). 

IlycTB  Xq  =  {x  £  Rn  :  Ax  +  b(x)ux  =  0,  \ux\  <  L}  —  MHoncecTBO  coctohhiih  paBHOBecua  pjisi  (1), 
z  e  intX0l  z  €  G  C  Rn. 

OnpedejieHue.  Oymap-iH  u  =  uz(x ),  x  €  G,  iia3BiBaeTCH  ,ii,HCKpeTHoii  (c  nepiio^OM  kb aHTOB am-in  h  >  0) 
orpam-iHeHHoii  CTa6iijiii3iipyiomeii  o6paTHOi"i  cbh3bio  pjm  coctohhiih  paBHOBecna  2  CiiCTeMBi  (1)  b  G,  ecjin: 

1)  uz(z)  =  uz, 

2)  \uz(x)\  <  L,  x  G  G; 

3)  3aMKHyTaa  cucTeMa 

x  =  Ax  +  b(x)uz(x),  x(0)  =  Xq  £  G,  (2) 

HMeeT  pememie  x(t)  €  G,  t  >  0; 

4)  TpaeKTopiiH  ciiCTeMBi  (2)  srajuieTCJi  HenpepBiBHBiM  pemeHiieM  ypaBHemiH 

x  =  Ax  +  b(x)u(t),  x(0)  =  Xo, 

c  u(t)  =  uz(x(kh)),  t  €  [kh,  ( k  +  1  )h[,  k  =  0, 1, 2, 

5)  ,a,Bii>KeHiie  x{t )  =  z,  t  >  0,  CiiCTeMBi  (3)  acHMnTOTiraecKH  ycToii'iiiBO  b  G. 

06ocHOBaH  MeTO,a,  nocTpoemui  orpaHnneHHOH  o6paTHOi"i  cbh3ii  pflu  perymipoBaHiui  CiiCTeMBi  (1).  KoHCTpyn- 
poBaHiie  o6paTHOi"i  cbh3ii  6a3iipyeTCH  Ha  ho3hh,hohhom  pemeHHH  BcnoMoraTejiBHBix  3a,n,aH  onTiiMajiBHoro  ynpaB- 
jiemui  (3a^aH  MHHHMH3an,HH  HHTeHCHBHOCTii  hjih  nojiHoro  HMnyjiBca  ynpaBjunomero  B03,n,eiicTBini),  o6ecnenn- 
Baiomeii  nepeBO,a,  chctcmbi  h3  OKpecTHOCTi-i  o,n,Horo  coctohhhh  paBHOBeciui  b  OKpecTHOCTB  noBoro  coctohhiui 
paBHOBeciui  n  ee  CTa6HjiH3an,nio  OTHOCiiTejiBHO  HOBoro  coctohhiih.  ripn  stom  mo»cho  ynecTB  ^onojiHHTejiBHBie 
orpaHiinemui  Ha  npopeccni  ynpaBjiemui:  CTeneHB  ycTonm-iBOCTi-i,  CTeneHB  KOJie6aTejiBHOCTii,  nepeperyjinpoBa- 
hhh,  mohotohhocth.  peinem-ur  3a^,anii  BBomiTcn  KycoHHO-nocTOHHuaji  annpoKCHMapiui  ciiCTeMBi  (1).  Pac- 

CMaTpi-iBaiOTCJi  ,n,Ba  BapnaHTa  nocTpoemui  CTa6njiH3npyioni;eft  o6paTHon  cbh3ii  ii  onncBiBaiOTCJi  ajiropiiTMBi  ee 
peajiH3an,HH.  Pe3yjiBTaTBi  njunocTpiipyiOTCJi  na  npi-mepe  ynpaBjieHiin  n  CTa6njiH3an,Hn  c  noMompio  Mamma  [2] . 

JlHTepaTypa 

[1]  Ta6acoB  P.,  KupajuiOBa  O.M.  OnTHMajiBHoe  ynpaBjieHne  h  Ha6jnoji,eHHe  b  peajiBHOM  BpeMemi  //  H3BecTiia  PAH. 
Teopua  h  CHCTeMBi  ynpaBjiemia,  2006,  Ns3.-  C.  90-111. 

[2]  Gilbert  E.G.,  Kolmanovsky  I.  A  generalized  reference  governor  for  nonlinear  systems  / /  Proceedings  of  the  40th  IEEE 
Conference  on  Decision  and  Control,  Orlando,  Florida  USA,  December  4-7,  2001.  -  P.  4222-4227. 


Realization  of  Bounded  Feedbacks  in  a  Nonlinear  Regulation  Problem 

Gabasov  R.F.*,  Kirillova  F.M.**,  Ruzhitskaya  E.A.*** 

*  Belarussian  State  University,  Minsk,  Belarus, 

** Institute  of  Mathematics  National  Academy  of  Sciences  of  Republic  Belarus,  Minsk,  Belarus, 

***  Gomel  State  University  of  F.  Skorina,  Belarus 

A  method  of  constructing  the  bounded  feedbacks  for  regulation  of  a  system  with  nonlinear  input  is  suggested. 
The  method  is  based  on  the  positional  solutions  of  auxiliary  optimum  control  problems  which  provide  transferring 
the  system  from  one  equilibrium  state  to  a  new  given  state  to  stabilize  it.  Moreover,  by  changing  constraints  of 
the  optimal  control  problems  one  can  provide  some  additional  properties  of  processes. 
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HHCJIEHHblH  AJTTOPHTM  AM  3AAAHH  yilPABJIEHHH 
nPOIIECCAMH,  OIIHCblBAEMblMH  KHHETHHECKHM  yPABHEHHEM 

TaeBa  3.C.,  UlaHaHHH  A. A. 

BuuucAumeAbHuu  yenmp  um.  A. A.  /^opodnuyuna  PAH,  Poccua, 

MocKoecKuu  $u3UK0-mexHUHecKuu  UHcmumym,  Poccua 

0#hoi"i  H3  aKTyajibHbix  npaKTHuecKHx  3a#au  b  o6iu,eii  npo6jieMe  MO#,Hc|)HKaii,HH  noro#Bi  HBjiaeTCH  npe#OTBpa- 
memie  rpa#a.  Ba*meHniHM  BonpocoM  B03#eHCTBiisi  Ha  rpa#OBBie  npopeccBi  HBjiaeTCH  BBi6op  MecTa  h  BpeMemi 
BHeceHiia  peareHTa,  Tax  xax  sto  onpe#ejiHBT  MexaHii3M  B3aHMO#eiicTBHJi  peareHTa  h  o6jiaxa.  9Ta  npo6jieMa 
4)opMajiH30BaHa  b  Bii#e  m arre m ar  h  '  i  ec  ko  h  3a#auH  ynpaBjieHira  MHKpocTpyKTypoft  rpa#OBoro  o6jiaKa,  sbojhohjih 
KOToporo  omiCBiBaeTCH  KHHeTHuecKHMH  ypaBHemisiMH  CMOjiyxoBCxoro  #jra  4>yHKiiHH  pacnpe#ejieHiisi  xanejiB 
h  KpiiCTajuiOB  no  Macce  iijih  pa3Mepy.  YnpaBjiePiiie  ocymecTBjraeTCH  c  pejiBio  npe#OTBpam,eHiui  o6pa30BaHHH 
KpynHBix  rpa#ira  b  o6jiaKe,  KOTopnie  MoryT  #0CTiirHyTB  noBepxHOCTii  3eMjni  h  naHecTii  yin,ep6.  IIosTOMy  mii- 
h h m h 3 [i py e t or  (J>yHKu,HOHaji,  onpe#ejiJnoin,HH  KOjmuecTBO  rpa#ira  b  o6jiaKe,  6ojibihiix  onpe#ejieHHoro  pasMepa. 
HucjieHiioe  pernem-ie  3a#aun  ynpaBjiemiH  HBjuieTCJi  6ojiee  cjiojkhoh  npo6jieMOi1,  neM  pacneT  HHTerpajiBHBix 
xapaKTepiiCTi-iK  <J>yHKii,HH  pacnpe#ejieHiui  nacTi-m,  b  o6jiaKe  #jra  onpe#ejieHiui  KOTopnix  pemaiOTCH  ypaBHemra 
KoaryjiHpiiii.  IlosTOMy  aKTyajiBHBiM  BonpocoM  HBjraeTCH  paspa6oTKa  skohomhhhbix  MeTO#OB  pemeHiia  stiix 
ypaBHemra,  o6jia#aiom,Hx  Heo6xo#nMoii  tohhoctbio.  IIpe^jiaraeTCH  3a  cneT  BBi6opa  ciiCTeMBi  opToroHajiBHBix 
(juyHKHHH  ^MHTpHesa  b  MeTO#e  rajiepKiraa  cymecTBeHHO  coKpaTiiTB  o6T>eM  bbihhc  jieHHH .  0#HaKO  npn  stom 
B03Hi-iKaiOT  npo6jieMBi  kohtpojih  tohhocti-i  BBiniicjieHiiH,  CBH3aHHBie  c  TeM,  hto  HHTerpajiBHBie  xapaKTepucTii- 
kh,  om-iCMBaiomiie  3bojik>h,iiio  o6jiaKa,  He  MoryT  6bitb  BBiuncjieHBi  tohho  no  KOHenHOMy  micjiy  K03<J>cj}HH,HeHT0B 
rajiepKiraa.  Ha  ocHOBe  Teopnii  npo6jieMBi  momchtob  He6BimeBa  -  MapxoBa  -  Kpeiraa  6biji  pa3pa6oTaH  ajiro- 

pi-ITM  (CM.  [1])  #JIH  BBIHHC  JieHIIH  TOHHBIX  BepXHeil  I-I  HH>KH6H  rpaHIIH,,  B  KOTOpBIX  MOHCeT  JiexaTB  IIHTerpajIBHaH 
xapaKTepncTHKa  cJ)yHKH,HH  pacnpe#ejieHHH.  Ha  ncnojiB30BaHHH  3Toro  ajiropiiTMa  6biji  ocHOBaH  hobbiii  no#xo#  k 
pemeHino  3a#an  ynpaBjiemiH  MHKpo<J)H3HnecKHMH  npopeccaMii  b  rpa#OBBix  o6jiaKax,  a  hmchho:  3a#any  ynpaB- 
jiemiH  MHKpocTpyKTypoH  rpa#OBoro  o6jiaKa  3aMeHiiTB  opeHOHHOH  3a#aHeii.  no  K03cj3cj3iiu,HeHTaM  rajiepKiraa 
CTpoiiTCH  TonHan  BepxHHH  rpam-ma  cjjyHKpuoHajia.  OyHKpuoHaji,  onpe^ejunomiiH  KOjranecTBO  rpa#ira,  6ojib- 
hihx  onpe#ejieHHoro  pa3Mepa,  3aMeHHeTCH  tohhoh  BepxHeii  rpaHHu,eft.  Hobbiii  (J>yHKii,HOHaji  h,  cjie#OBaTejiBHO, 
ero  npoii3BO#HBie  He  3a#aiOTCH  hbhbimh  cjjopMyjiaMii.  B  to  *e  BpeMH,  b  ycjiOBiiH  TpaHCBepcajiBHOCTii  b  3a#ane 
ynpaBjieHira  bxo#ht  npoii3BO#HBie  cjjyHKpHOHajia.  B  pa6oTe  [2]  npe#jio>KeH  ajiropiiTM  BBiHiicjieHiiH  npoii3BO#- 
hbix  tohhbix  opeHOK,  KOTopBiii  no3BOJinji  a^anTiipoBaTB  MeTOfl  nocjie^OBaTejiBHBix  npii6jra>KeHHH  ^jih  peirreraiH 
3a^aHii  ynpaBjieHHH  MHKpo<J)H3HHecKHMH  npopeccaMii  b  o6jiaKe. 

Pa6oTa  BBinojiHeHa  npn  (J)HHaHCOBOH  no^nepiKKe  POOH  (ko#  npoeKTa  06-01-00752a),  no  nporpaMMe  rocy- 
#apcTBeiraoH  no#H,ep>KKH  Be#ym,Hx  HaynHBix  hikoji  (ko#  npoeKTa  HHI-5379. 2006.1) 

JlHTepaTypa 

[1]  TaeBa  3.C.,  IHaHamiH  A. A.  Efpo6jieMa  MapKOBa  -  He6bimeBa  h  nccjie#,OBaHne  rajiepKHHCKiix  npH6jin>KeHMH  b  o#hoh 
3a#,ane  arperapHn//  MaTeM.  Mo#ejinpoBaHHe.l995.  T.  7,  N2  9,  c.  35-54. 

[2]  TaeBa  3.C.,  IIIaHaHHH  A. A.  MHCjieHHbiii  MeTO#  pemeroia  3a#anH  ynpaBjieHiia  MHKpocTpyKTypoft  rpa#OBoro  o6jiaKa 
/ /  MaTeM.  MOflejiiipoBamie.  2004.  T.  16,  Ns  12,  C.  69-84. 


Numerical  Algorithm  for  the  Control  Problem  of  the  Processes 
Described  by  the  Kinetic  Equation 

Gaeva  Z.S.,  Shananin  A. A. 

A. A.  Dorodnitsyn  Computational  Center  RAS,  Moscow,  Russia, 

Moscow  Physical- Technical  Institute  (  MIPT),  Russia 

A  new  approach  of  optimal  control  is  proposed  for  kinetics  of  coagulation  and  applied  to  hail  clouds.  For  analysis 
of  clouds  evolution,  important  characteristics  are  the  integral  characteristics  of  the  distribution  function  of 
hailstones,  which  are  bigger  than  certain  critical  size,  so  they  can  cause  damage.  A  problem  of  control  of  hail 
clouds  microstructure  is  replaced  with  an  estimation  task.  New  functional  and  its  derivatives  are  not  defined 
by  explicit  formulas.  The  present  work  is  devoted  to  the  statement  of  an  estimation  problem,  and  also  to  the 
development  of  algorithms  for  calculation  of  derivatives  of  exact  estimations  over  the  moments. 


84 


NONLINEAR  CONTROL 


HEJIHHEHHOE  POEACTHOE  yilPABJTEHHE  B  3AAAHAX  C 
OHKCHPOBAHHBIM  MOMEHTOM  OKOHMAHHS 

raHe6Ht.iii  C.A.*,  KyMKOB  C.C.*,  IIau,KO  B.C.*,  IlnTKo  C.T.** 

* HHcmumym  MameMamuKU  u  MexanuKU  YpO  PAH,  EKamepunUypd,  Poccuh 
**  CaHKm-nemepSypzcKuu  eocydapcmeennuu  ynueepcumem  zpacHcdaucKou  aeuayuu,  Poccuh 

Cpe,n,H  npaKTi-inecKi-ix  npo6jieM  ynpaBjieHira  npii  h a j t h t i h h  noMex  TmiH'iHbiMH  hbjmiotch  salami,  b  kotopbix 
ypoBeHB  ;[HHaMH'iecKOH  noMexn  3apaHee  Heii3BecTeH. 

Po6acTHBiM  Ha30BeM  ynpaBjieHiie  o6paTHOi"i  cbhsh,  KOTopoe  npii  «MajiOM»  ypoBHe  Heii3BecTHOii  3apaHee  no- 
MexH  o6ecneHi-iBaeT  xopomee  xauecTBO  TpaToft  «Majioro»  no  BejinmiHe  ynpaBjraiomero  B03,n,eftcTBira.  C  poctom 
ypoBHH  noMexn  ^.onycKaeTca  pocT  BejiH'iHHw  ynpaBjraiomero  B03^eftcTBira,  rapaHTiipyiomero  xopomee  xane- 

CTBO. 

B  pa6oTe  paccMaTpiraaiOTCH  3a^auH  c  cjjiiKcnpoBaHHBiM  momchtom  OKOHuamra  i-i  oroBopeHHMM  3apaHee  reo- 
MeTpi-mecKi-iM  orpaHiineniieM  Ha  nojie3Hoe  ynpaBjiemie.  IJejiB  ynpaBjieHira  —  npiiBe^emie  cncTeMBi  b  momcht 
OKOHnamiH  Ha  3a,n,aHHoe  TepMimajiBHoe  MHOixecTBO. 

Ahh  nocTpoemra  HejiiiHeiiHoro  po6acTHoro  ynpaBjieHira  npiiMeHneM  MeTO,n,Bi  aHTaroHHCTHuecxHx  ^i-KjxjDepeH- 
pi-iajiBHBix  nrp  c  reoMeTpHnecKHMH  orpaHiiueHiraMii  Ha  ynpaBjieHira  o6ohx  nrpoxoB.  OcHOBHaa  i-mea  coctoiit  b 
cjie^3,yK)m,eM.  PaccMOTpiiM  ceMeiicTBO  ^HcJjcjjepeHpHajiBHBix  nrp,  b  kotopbix  orpaHi-inemie  na  ynpaBjieHiie  bto- 
poro  i-irpoKa  (noMexn)  3aBiiciiT  ot  uncjiOBoro  napaMeTpa.  C  xajxymiM  3HaueHiieM  napaMeTpa  CBjrateM  Taxixe 
HeKOTopoe  orpaHiineHiie  Ha  ynpaBjieHiie  nepBoro  nrpoKa  (Ha  nojie3Hoe  ynpaBjieHiie)  h  CTabiuiBHyio  Tpy6xy 
(cTa6iijiBHBii“i  moct  no  TepMiiHOjiorHii  [1])  b  npocTpaHCTBe  epeMfi  x  <f>a3oeuu  eenmop.  ITojiynaeMoe  ceMeiicTBO 
Tpy6oK  ynopa^OHHBaeM  no  BKjnoneHiiio  c  B03pacTaHiieM  napaMeTpa.  IlepBBift  i-irpoK  rapaHTiipyeT  ygepixaHiie 
cncTeMBi  BHyTpn  KajK^oii  H3  Tpy6oK  npn  cooTBeTCTByiomeM  eft  ypoBHe  noMexn,  iicnojiB3ya  CBoe  ynpaBjieHiie, 
TaK»ce  jiencamee  b  cooTBeTCTByiomeM  orpaHi-iHeHini.  9to  ceMeiicTBO  MonceT  paccMaTpiiBaTBca  KaK  3a^,aHiie  b 
npocTpaHCTBe  iirpni  HeKOTopoft  cJiyHKHHH  .rianyHOBa,  xoTopan  no3BOJiaeT  nocTpoiiTB  HejiimeftHoe  ynpaBjieHiie 
o6paTHoft  CBa3ii  ,n,jra  nepBoro  nrpoxa  h  bbihiicjihtb  rapaHTino,  o6ecneniiBaeMyio  sti-im  ynpaBjieHiieM. 

YKasaHHaa  n^ea  peajiii30BaHa  .zpra  3a^,an  c  jiimeftHoft  flHHaMHKoft  h  reoMeTpunecKiiM  orpaHiiueHiieM  Ha 
nojie3Hoe  ynpaBjieHiie.  IIpn  stom  ^,jia  nocTpoemra  po6acTHoro  ynpaBjieHiia  b  naMHTi-i  KOMnBiOTepa  cjie^yeT 
xpaHHTB  Bcero  ^Be  CTa6iuiBHBie  Tpy6Kii.  Pa3pa6oTaH  KOMnjieKC  nporpaMM  HiicjieiiHoro  nocTpoemra  po6acTHoro 
ynpaBjieHiia.  Cjiynaft  CKanapHoro  nojie3Horo  ynpaBjieHiia,  orpaHiraeHHoro  no  Mo^yjno,  onucaH  b  [2].  AaHHbie 
^OKjiafl  nocBaipeH  CHTyapHH  npoii3BOJiBHoro  reoMeTpiraecxoro  orpaHiiueHira  Ha  BeKTopHoe  nojie3Hoe  ynpaBjie- 
Hiie. 

ITpn  noMomii  pa3pa6oTaHHBix  nporpaMM  npoBe^eHO  MO^ejiiipoBaHiie  3a^,ami  ynpaBjieHiia  caMOJieTOM  na 
noca^xe  b  ycjiOBiiax  BeTpoBoro  B03MymeHiia.  PaccMOTpeHa  TaKixe  3a^,ana  o  nepexBaTe  o^hoto  cjia6oMaHeB- 
piipyiomero  o6T>exTa  .npyriiM  (paxeTBi  aHTiipaxeToft) .  B  stoii  3a^,ane  orpaHiiHemie  na  ^ByMepHoe  BexTopHoe 
nojie3Hoe  ynpaBjieHiie  aBjiaeTca  ajumncoM. 

JlHTepaiypa 

[1]  KpacoecKUU  H.H.,  Cy66omuH  A. Id.,  nosHipiOHHbie  jUKjxhepeniuiajibHbie  nrpbi.  M.:Hayxa,  1974. 

[2]  ra,He6HUU  C.A.,  KyMKoe  C.C.,  Llavpzo  B.C. ,  nocTpoemie  ynpaBjieHiia  b  3aflaaax  c  Hen3BecTHbiM  ypoBHeM  fliiHaMii- 
aecKoit  noMexn  //  I1MM,  T.  70,  Bbm.  5,  2006,  C. 753-770. 


Nonlinear  Robust  Control  in  Problems  with  Fixed  Terminal  Time 

Ganebny  S.A.%  Kumkov  S.S.%  Patsko  V.S.%  Pyatko  S.G.** 

*  Institute  of  Mathematics  and  Mechanics,  Ural  Branch  of  RAS,  Ekaterinburg,  Russia, 

**  Saint  Petersburg  State  University  of  civil  aviation,  Russia 

Dynamic  problems  with  fixed  terminal  time  and  geometric  constraint  for  the  control  are  considered.  A  method 
for  constructing  robust  control  is  suggested,  which  provides  good  process  quality  by  a  "weak"  realization  in  the 
case  of  a  "weak"  disturbance.  With  growth  of  the  disturbance  level,  the  realization  of  the  control  is  allowed  to 
grow  within  the  constraint.  The  suggested  control  method  was  tested  in  a  problem  of  aircraft  landing  under 
wind  disturbance,  and  a  problem  of  interception  of  a  weak- maneuvering  object  by  another  one. 
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AHAJIHTHHECKHH  CHHTE3  ABTOKOJIEBAHHH 
B  MHOrOKOHTYPHblX  CHCTEMAX  yilPABJIEHM 

ropo6u,oB  A.C.,  Pbijkob  E.H. 

BoAzodpadcKuu  eocydapcmeennuu  mexHUHecKuu  ynueepcumem,  Poccuh 

riojiyHeHbi  ^ocTaTOHHbie  ycjiOBira: 

1)  ciiHTe3a  ycTOHHHBbix  npe,a,ejiBHBix  h,hxjiob  b  3a,n,aHHBix  no,a,npocTpaHCTBax  coctohhiih  MHoroKOHTypHBix  ch- 
CTeM; 

2)  ycjiOBiia  ciiHTe3a  ^ByMepHoro  aciiMnTOTHHecxH  ycTOHUHBoro  Topa  T2  b  (J>a30B0M  npocTpaHCTBe. 

no^xo,!;  k  pemeHino  ocHOBaH  Ha  HaxoK^eHini  cjjyHKHHH  JlanyHOBa  k  ciiHTe3y  ynpaBjieHira  o6paTHOii  cbh3bio 
no  BeKTopy  coctohhiih.  YnpaBjieHiiH  iicxajniCB  b  npocTpaHCTBe  Ky6HnecKH-HejiHHeiiHBix  BexTop  nojiimoMOB. 

06ru,aii  KOHpenpiiH  pemeHira  3aflaH,  cbo,h,htch  k  ciiHTe3y  ynpaBjiaeMBix  npopeccoB  Ha  3a^,aHHOM  .gexapTOBOM 
npoH3Be/i;eHHH  k  no,a,npocTpaHCTB  R2,  i  =  1,2, . . . ,  k,  o6ecneuHBaioiii,Hx  Tpe6yeMyx)  ^HHaMHxy  na  .gexapTOBOM 
npoH3Be/i,eHHH  no,a,npocTpaHCTB 

n 

]TJ  R2  =  R  x  R  x  •  •  •  x  R . 

i-k+l  2n-2k 

9to  npHBO,a,HT  x  ciiHTe3y  ynpaBjiemiH  b  (J>a30BBix  npocTpaHCTBax  xa>xyi,oro  H3  xoHTypoB  (BHyTpuxoHTypHBix 
ynpaBjieHiiii)  h  ciiHTe3y  HejniHeimBix  o6paTHBix  CBH3ei"i  Menyny  xoHTypaMii  (ciiHTe3y  MencxoHTypHBix  ynpaBjie- 
hhh),  hto  no3BOJiHeT,  ynpaBjura  flHHaMHxofi  Ha  3a^,aHHOM  no,a,npocTpaHCTBe  R2”,  nojiyuaTB  ncejiaeMyro  .gi-ma- 
Miixy  b  .npyrax  no,a,npocTpaHCTBax  R2n. 

Ha  ocHOBaHHii  3Toro  nocTpoeHBi  ajiropiiTMBi  pjm  peineHira  cjieflyiomHx  TiinoB  3a^,an  HejiimeiiHoro  ynpaBjie- 

him: 

1.  criHTe3a  MHoroxoHTypHBix  aBTOxojie6aTejiBHBix  cucTeM,  T.e.  3a,a,aHH  o^HOBpeMeHHoro  B036yjx,a,eHHH  ycToii- 
hhbbix  aBTOxojie6aTejiBHBix  npopeccoB,  pa6oTarom,Hx  Ha  HecxojiBxiix  xojie6aTejiBHBix  xoHTypax; 

2.  ciiHTe3a  ciiCTeMBi  c  aBTOxojie6aTejiBHBiMH  pejxHMaMH  b  3a,n,aHHBix  no,n,npocTpaHCTBax  coctohhiih  R2fc  C 
R2n  (k  <  n  ,  k- HOMep  xojie6aTejn>Horo  xoHTypa)  c  0,n,H0BpeMeHHBiM  ^eMncjuipoBaHiieM  xojie6aHHH  na 

n 

npoH3BefleHHHx  R2  =  R2(ra_fe)  b  R2n. 

j-k+l 

3.  ajiropiiTM  ynpaBjieHHH  aMnjiHTyii,OH  aBTOxojie6aTejiBHoro  penaiMa,  reHepupyeMoro  o/3,hhm  h3  xojie6aTejiB- 
hbix  xoHTypoB,  nocpe,a,CTBOM  CHHTe3a  aBTOxojie6aTejiBHoro  penaiMa,  c  3a,n,aHHOH  aMnjiHTyn,OH  b  .npyroM 
xoHType. 

Pe3yjiBTaTBi  npoiijuiKiCTpHpoBaHBi  Hi-icjieHHBiM  MO,a,ejiHpoBaHHeM  ciiHTe3a  ,n,Byx  M  Tpex  xoHTypHBix  chctcm 
JIueHapoBCxoro  Tima. 


The  Synthesis  of  Auto-Oscillatory  Processes  in  Multi  Circuit  Control  Systems 

Gorobtsov  A.S.,  Ryzhov  E.N. 

Volgograd  State  Technical  University,  Russia 

The  sufficient  conditions  of  synthesis  algorithm  of  limiting  cycles  and  stabilization  in  multi  circuit  control 
systems  are  received.  The  synthesis  conditions  of  the  two  dimensional  asymptotically  stability  torus  in  multi 
circuit  control  systems  is  obtained. 
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NONLINEAR  CONTROL 


yilPABJIEHHE  nbE303JIEKTPHHECKMH  YCTPOHCTBAMH 

TpHropteB  B.B.,  Bbictpob  C.B.,  bojrryHOB  r.H.,  Bo6u,ob  A. A., 

KpeMJieB  A.C.,  KaMHeB 

CaHKm-nemep6yp2CKUu  socydapcmeenHuu  ynueepcumem  UHcfiopMav/uoHHUx  mexHOJiozuu, 

MexanuKU  u  onmuKU,  Poccuh 

AaHHoe  iiccjie^OBaHiie  nocBameHO  pa3pa6oTKe  hobbix  ajiropiiTMOB  ynpaBjieHHH  h  peryjiHTopoB  rjih  caMBix  co- 
BpeMeHHBix  nBesoajieKTpiraecKi-ix  iicnojiHHTejiBHBix  ycTpoiicTB  MHKponepeMem,eHHft.  AHajiii3iipyH  oiibit  uccjie- 
,n,OBaHiii“i  h  pa3pa6oTOK  sjieMeHTOB  h  ycTpoiicTB  nBe30TexHiiKii  mojkho  BBmejniTB  ,n,Ba  6a30BBix  HanpaBjieHira 
pa3BHTHH.  IlepBoe  saKjnouaeTCH  b  coBepiueHCTBOBaHiin  nBe30MaTepnaji0B  (hx  cbohctb  h  xapaKTepiiCTiiK)  c  n,e- 
jibk)  o6ecneHeHHH,  b  kohchhom  iiTore,  CTa6iijiBHOCTii  napaMeTpoB  nBe303JieKTpiiHecKiix  ycTpoiicTB.  BTopoe  —  b 
pa3pa6oTKe  a^anTiiBHBix  ajiropiiTMOB  ynpaBjieHiiH  nBe303JieKTpiiHecKiiMii  ycTpoiiCTBaMii  b  ycjiOBiinx  iioctohhho 
H3MeHHioiii,iixcH  napaMeTpoB  h  xapaKTepiiCTiiK  nBe30MaTepnaji0B  no,n,  ^eiicTBiieM  BHemm-ix  B03MymeHin“i  (tcm- 
nepaTypa,  ^aBjiemie,  MexaHiiuecKoe  B03flei1cTBi-ie) .  B  HacTOHipee  BpeMH  ria  3ana,n,e  ycneniHO  peniaeTCH  3a,n,aHa 
C03,n,aHi-iii  hobbix  nBe30MaTepnaji0B  h  KOHCTpyKipiii  Ha  hx  ocHOBe,  ,n,ocTiirHyTBi  3HaHiiTejiBHBie  ycnexi-i  b  pa3- 
pa6oTKe  caMBix  coBpeMeHHBix  nBe303JieKTpiiHecKiix  iicnojiHHTejiBHBix  ycTpoiicTB  c  yBejiiiHeHHBiM  fliiana30HOM 
nepeMein,eHiiii  h  CHHHceHHBiM  HanpHuceHiieM  ynpaBjieHiiH.  Tor^a  Kan  b  Hameii  CTpaHe  3a  nocjie,n,Hee  ^ecuTiuie- 
Tne  npoii3BO,n,CTBeHHaH  h  HayuHO-TexHiiuecKasi  6a3a  pa3BiiTiiH  nBe30TexHHKii  h  nBe30MaTepnaji0B  OKa3ajiacB 
nojiHOCTBio  HeKOHKypeHTOcnoco6HOi“i.  O^HaKO  b  Hameii  CTpaHe  paboTBi  TeopeTiiuecKoro  xapaKTepa  ocTaiOTCH 
Ha  BBicoHailmeM  ypoBHe  h  Be,n,yTCJi  HenpepBiBHO  bo  MHomx  iiccjie.n.OBaTejiBCKHx  peHTpax  h  BY3ax.  9th  pa3- 
pa6oTKH  nojiHOCTBio  nopTBepHcpaiOTCJi  SKcnepiiMeHTajiBHBiMii  paHHBiMH  h  pe3yjiBTaTaMii  MaTeMaTiiuecKoro  h 
KOMnBiOTepHoro  MopejnipoBaHiiH.  5IpKiiM  npiiMepoM  KOMnjieKCHoro  iicnojiB30BaHii5i  nBe30KepaMiiHecKiix  3jie- 
MeHTOB,  y3JiOB  h  peTajieii  HBjiHeTCH  hx  BHeppeHiie  b  aBTOMo6iuiBHyio  npoMBinuieriiiocTB. 

rtpiiMepaMii  TaKHx  ycTpoiicTB  MoryT  cjiyxa-iTB: 

•  nBe3onpiiBO,n,Bi  peryjinpoBKH  cimem-nT, 

•  6oKOBBie  ypapHBie  ceHCopni  nopyrnex  6e3onacHOCTi-i; 

•  nBe3onpiiBO,n,Bi  3epKaji; 

•  nBe3onpiiBO,n,Bi  cucTeMBi  nopBecKii; 

•  nBe3onpiiBO,n,Bi  peryjinpoBKii  cjiap. 

B  KjiacciiHecKoii  Teopiiii  ynpaBjieHiiH  pjm  ynpaBjieHiiH  nBe303JieKTpiiHecKiiMii  ycTpoiiCTBaMii  ciiHTe3iipyeTCH 
HHTerpajiBHBiii,  hjih  nponoppuoHajiBHO-iiHTerpajiBHBie  peryjiHTopBi,  hto  o6ycjiOBjieHO  crrarrH'iecKHM  xapaKTe- 
poM  cucTeMBi.  CoBpeMeiiHBie  apanTHBHBie  h  pobacTHBie  ajiropiiTMBi  no3BOJunoT  ocymecTBjiHTB  KOMneHcapmo 
cjjjiyKTyapnii  napaMeTpoB  nBe303JieKTpi-iHecKnx  ycTpoiicTB,  Korpa  MopejiB  o6jia,n,aeT  napaMeTpHuecKHMH  neonpe- 
pejieiinocTHMH  (3apaHa  HeTOHHo),  nopBepnceHa  BHemm-iM  B03Mynj,eHiisiM.  K  ochobhbim  CTpyKTypHBiM  neonpe- 
pejieiiHOCTHM  othochtch  iiejiiiHeiiHOCTB  CTaTiiHecKoii  xapaKTepncTHKH  ii  nicTepe3iic.  KoHCTpyKTiiBHBie  oco6eH- 
hoctii  nBe303JieKpTHHecKiix  ycTpoiicTB  He  no3BOJuiiOT  nenocpepcTBeHHO  ii3MepsiTB  3HaueHiiH  nepeMeHHBix  co- 
CTOHHiiH,  H3MepeHHH  bo3mo>kho  TOJi&KO  no  KOCBeHHBiM  napaMeTpaM.  ITepcneKTHBHBiM  pemeimeM  b  ynpaBjieHiiii 
nBe303JieKTpiiHecKiiMii  ycTpoiiCTBaMii  HBjiHeTCH  ynpaBjieHiie  no  BBixopy,  b  paHHOM  cjiynae  3apana  ynpaBjieHiiH 
3aKjnonaeTCJi  b  onpepejieHiiii  napaMeTpoB  o6T>eKTa  ynpaBjieHiiH  tojibko  no  TeKyipeMy  H3MeHeHHio  bbixophoh 
nepeMeHHoii,  T.e.  6e3  ii3MeHeHHH  ee  npoii3BO,n,HBix  hjih  nepeMeHHBix  coctohhhh. 


Piezoelectric  Devices  Control 

Grigoriev  V.V.,  Bystrov  S.V.,  Boltunov  G.I.,  Bobtsov  A. A.,  Kremlev  A.S.,  Kamnev  D.A. 

Saint-Petersburg  State  University  of  Information  Technologies  Mechanics  and  Optics,  Russia 

This  study  is  devoted  to  the  development  of  the  new  control  algorithms  and  regulators  for  the  most  contemporary 
piezoelectric  actuating  elements  of  microtransfers. 

In  the  classical  automatic  control  theory  for  control  of  piezoelectric  devices  is  synthesized  integral,  or 
proportional-plus-integral  regulators,  which  is  caused  by  the  static  nature  of  system.  Contemporary  adaptive 
and  robust  algorithms  permit  implementation  of  compensation  for  the  fluctuations  of  the  parameters  of  the 
piezoelectric  devices,  when  model  possesses  the  parametric  uncertainties  (it  is  assigned  inaccurately),  it  is 
subjected  to  external  disturbances. 

The  promising  solution  in  the  piezoelectric  devices  control  is  the  output  control.  In  this  case  the  task  of 
control  consists  in  the  determination  of  the  parameters  of  the  object  of  control  only  according  to  the  current 
change  in  the  output  variable,  i.e.,  without  a  change  in  its  derivatives  or  state  variables. 
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IIJIAHHPOBAHHE  3KCIIEPHMEHTA  B  3AAAHAX  TAPAHTHPOBAHHOn 
HAEHTMHKAIjnH  HEJIHHEHHbIX  CHCTEM 

TyceB  M.H. 

HHcmumym  MameMamuKU  u  MexanuKU  YpO  PAH,  EKamepunUypz,  Poccusi 

PaccMaTpi-iBaeTca  ynpaBjineMan  cncTeMa 

x  =  f(t ,  q,  x ,  u(t))  +  w(t),  x(t0)  =  x°, 

{x  £  Rn ,  t  £  [ioAi])>  B  npaByro  nacTB  KOTopon  bxo,h,ht  Heii3BecTHBiii  BeKTopHBiii  napaMeTp  q  £  Rm.  Ben 
^.ocTynHaa  anpiiopHaa  h h (|d op m a h h m  o  q  3a,a,aHa  ycjiOBiieM  q  £  Q,  rp,e  Q  —  KOMnaKT  b  Rm.  Bxo,a,  u[t)  n  Ha- 
najiBHoe  cocToamie  x°  cmiTaiOTCH  i-i3BecTHBiMii.  BejinunHa  q  ,n,oji>KHa  6bitb  i-i^eHTiic^iipiipoBaHa  no  pe3yjiBTaTaM 
I-I3MepeHIIH  Ha  [f()Al]  <f>yHKIh'nI 

y{t)  =  g(t,x(t,q))  +  ^(t),  t  £  [t0,t i], 

r^e  g  :  [to,  A]  x  Pn  x  U  — >  Rk  3a,n,aHHaH  HenpepBiBHaa  cjryHKpHH,  x(t,q)  —  pemenne  ci-iCTeMBi,  cooTBeTCTByiorn,ee 
napaMeTpy  q,  £(t)  —  oninbKa  H3MepeHiia.  AnpuopHaa  nncjropMapHH  06  oinnbKe  £(t)  n  B03Myrn,eHiin  w(t)  3a,n,aHa 
ycjiOBiieM  Wi  (£(•))  <  1,  W2(w(-))  <  1,  r,n,e  Wi  (£(•))>  —  BBinyKjiBie  KBa,npaTHHHBie  cjryHKpHOHajiBi  b 

^2^0:  1 1]. 

Bni6op  Bxo,a,a  u[t)  BjmaeT  Ha  tohhoctb  n^eHTn<J>HKannn  napaMeTpa  q,  KOTopyio  npiiHHTO  xapaKTepii30BaTB 
«pa3MepaMH»  imcjropMapHOHHoro  MHOxecTBa  chci'cmm,  cocTOHin,ero  H3  Bcex  bo3mo>khbix  SHaueHHH  napaMeTpa 
q,  coBMecTHMBix  c  H3MepeHneM  y[t)  h  anpuopHBiMH  o rpaH h t re h h m m h  na  q  h  B03Mym,eHiia.  Banana  njiaHiipoBaHiia 
3KcnepiiMeHTa  b  rapaHTiipyromen  nocTaHOBKe  coctoiit  b  BBi6ope  Bxo,n,a  u[t)  H3  Kjiacca  H3MepiiMBix  <J>yHKH,HH 
u(t)  £  P  C  Rr ,  t  £  [fo,fi]  (P  ~  KOMnaKT  b  Rr),  MHHHMH3npyioni,ero  HeKOTopyio  xapaKTepncTHKy  nncjjopMapH- 
onnoro  MHoacecTBa. 

IIocKOJiBKy  nocTpoemie  iiHcjjopMapHOHHBix  mhohccctb  npe^CTaBjiaeT  co6oi"i  BecBMa  TpynpeMKyio  npope^y- 
py,  npe^jiaraeTca  MOflH<J)HKan,na  .naHHon  3a^,ann,  cocToam,aa  b  onTHMH3an,nn  HHTerpajia  ot  cjjyHKpnn  peHBi 
HeKOTopoii  BcnoMoraTejiBHoii  3a,n,anH  onTHMajiBHoro  ynpaBjiemiH  no  MHoncecTBy  Heonpe,n,ejieHHBix  napaMeTpoB, 
no3BOJijnom,aa  H36e»caTB  Henocpe^CTBeHHoro  nocTpoemia  hhcJ^opm apriOHHBix  MHoncecTB  b  npopecce  Haxo>Kyi,eHHH 
OnTI-IMajIBHBIX  BXO^OB. 

B  ,n,OKjia,ii,e  o6cy»c,ii,aiOTCH  cbh3b  ^aHHoro  noflxo,n,a  c  no,ipco^i,aMH,  ocHOBaHHBiMii  na  onTHMH3an,HH  napaMeT- 
poB  nncjDopManyiOHHBix  MHoncecTB,  n  MeTO,n,Bi  pememiH  paccMaTpi-iBaeMon  salami.  fjnsi  OT^ejiBHBix  nacTHBix 
cjiynaeB  ,n,OKa3aHa  cbo,h,hmoctb  paccMaTpnBaeMoii  3a,n,anH  k  3a,n,ane  onTHMajiBHoro  ynpaBjieHiia  ,h,jih  HejniHen- 
Hoii  cncTeMBi  c  npaBon  nacTBio  3aBHCHiu,en  ot  napaMeTpa  n  peneBBiM  cjjyHKpnoHajiOM,  co,n,ep:>Kain,HM  HHTerpaji  ot 
(JjyHKHHH  (J)a30Boro  BeKTopa  no  MHoncecTBy  napaMeTpoB.  A^51  nocjie^Hen  salami  ,n,OKa3aHBi  Heo6xo^HMBie  ycjio- 
bhh  onTHMajiBHOCTH  b  cjjopMe  npHHpnna  MaKcriMyMa  n  npe^jioncen  ajiropnTM  pemeHiia.  IIpoBefleHBi  nncjieHHBie 
SKcnepiiMeHTBi  pjm  pa,n,a  3a^an  HfleHTH<J)HKan,HH  napaMeTpoB  HejiiiHenHBix  cncTeM,  nccjie^OBaHO  BjiHjmne  bbi6o- 
pa  napaMeTpoB  HHTerpajiBHoro  cjDyHKpnoHajia  (Mepm  riHTerpnpoB am-m )  Ha  xapaKTepncTHKn  HHcjDopMapnoHHBix 
MHoncecTB  (xanecTBO  H^eHTiK^iiKapuri) . 


Experimental  Design  for  Guaranteed  Identification  of  Nonlinear  Systems 

Gusev  M.I. 

Institute  of  Mathematics  and  Mechanics,  Ural  Branch  of  RAS,  Ekaterinburg,  Russia 

In  this  report  the  problem  of  optimal  input  choice  for  identification  of  the  parameters  of  nonlinear  dynamic 
system  on  the  basis  of  indirect  observation  is  studied.  We  consider  a  deterministic  model  of  uncertainty  with 
set-membership  description  of  the  uncertain  items.  The  integral  of  information  function  (information  state)  over 
the  set  of  a  priori  constraints  on  parameters  is  considered  as  a  criterion  of  optimality.  For  the  case  of  integral 
constraints  on  measurement  noise  it  is  shown  that  considered  problem  may  be  reduced  to  an  optimal  control 
problem  for  the  trajectory  tubes  of  considered  system.  We  describe  the  algorithm  of  solution  based  on  necessary 
optimality  conditions  and  provide  some  examples  of  numerical  simulation.  Considered  algorithm  allows  to  avoid 
the  immediate  construction  of  information  sets  under  designing  the  optimal  input  that  results  in  computational 
expenditure  reduction. 
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IIOCTPOEHHE  3ABHC5HU;HX  OT  IIAPAMETPOB  ^YHKIIHH 
JianYHOBA  HA  OCHOBE  nAPAMETPHHECKOH  JIEMMbI  HKYBOBHHA 

TyceB  C.B. 

CaHKm-nemepSypzcKuu  socydapcmeenHuu  ynueepcumem,  Poccusi 

npe^,jio»ceH  iiobbih  MeTO,n,  nocTpoemin  3aBHCjnn,Hx  ot  napaMeTpoB  cjryHxpHn  JlnnyHOBa  rjih  HejiHHeiiHBix  cn- 
CTeM  c  napaMeTpiiaecKOH  Heonpe^ejieHHOCTBKj.  IIpe^nojiaraeTCH,  hto  jiiiHeiiHaa  nacTB  cncTeMBi  HBjiaeTca  papii- 
OHajiBHOH  (jjyHKHHeK  BeKTopa  Heii3BecTHBix  napaMeTpoB,  npiiHa,a,jie>Kamero  3a^aHHOMy  xoMnaxTHOMy  (BOo6m,e 
roBopa,  HeBBinyKaoMy)  MHoacecTBy,  rpaHiipa  KOToporo  Taxnte  omiCBiBaeTca  papiiOHaaBHBiMii  <f ) y h k p h a m h .  Pac- 
CMaTpiiBax)Tca  cncTeMBi  c  nejiiiHeiiHOCTBK),  ynpBjieTBopsnomen  xBa,npaTi-iHHBiM  HepaBeHCTBaM,  xoTopbie  Taxace 
MoryT  3aBiiceTB  ot  Heii3BecTHBix  napaMeTpoB.  IIpe^jioaceH  xpu  repiiH  abcojnoTHon  ycTonmiBOCTii  Bcex  cncTeM 
H3  paccMaTpiiBaeMoro  napaMeTpnnecxoro  ceMeiicTBa.  KpHTepnft  BBipaaceH  b  TepMiraax  pememia  HexoTopnix  jih- 
HeiiHBix  MarpH'iHhix  HepaBeHCTB  h  .gaeT  neo6xo^,iiMoe  h  .gocTaTOHHoe  ycjiOBiie  cymecTBOBamia  xBa^paTiinHoii, 
3aBiicam,ei"i  ot  napaMeTpoB  cjryHxnjiH  .HanyHOBa.  IIojiyneHHBie  pe3yjiBTaTBi  npe,n,CTaBjijnoT  co6oi“i  o6o6memie 
HexoTopnix  pe3yaBTaTOB  B.A.Hxy6oBiina  no  a6cojiK)THOH  ycTonmiBOCTn  HejiHHenHBix  chctcm  [1]  Ha  cjiynaii 
cncTeM  c  iiapaMe  rpH'iecxoH  Heonpe^eaennocTBK). 

B  ocHOBe  MeTO^a  jieacaT  o6o6m,eHiia  jieMMBi  Hxy6oBiina  [2]  n  TeopeMBi  o  HeymepbHOCTH  S-npon,e,gypBi  [3] 
Ha  cjiynaii  3aBncam,nx  ot  napaMeTpoB  xBa^paTHHHBix  cjropM.  HcnojiB3ya  napaMeTpnnecxyx)  Bepcino  jieMMBi 
Hxy6oBiina,  y^aeTca  CBecTii  3a^any  o  pememin  jiHHeiiHBix  m aTprmHBix  HepaBeHCTB,  panyiOHajiBHO  3aBiicam,Hx  ot 
napaMeTpoB,  x  pememiKt  HexoToporo  Ha6opa  He  3aBHcam,nx  ot  napaMeTpoB  JiHHeiiHBix  m aTprmHBix  HepaBeHCTB 
pacTymeii  pa3MepHOCTH.  riojiyneHHBie  pe3yjiBTaTBi  npe^CTaBjnnoT  HHTepec  BHe  cbh3ii  c  3a^3,aneH  nocTpoemia 
<J>yHXH,HH  .HanyHOBa.  B  nacTHOCTii,  ohh  MoryT  6bitb  ncnojiB30BaHBi  ^jia  MHHHMiBapm-i  papiiOHaaBHBix  <J)yHXH,HH 
b  HeBBinyxaBix  xoMnaxTHBix  o6aacTax,  rpamipa  xoTopnix  omiCBiBaeTca  papiiOHaaBHBiMH  cjryHxnyiHMH.  Kax  o^ho 
H3  npHjioaceHHft  stoto  pe3yjiBTaTa  npe^,jioaceH  ajiropiiTM  npoBepxn  nojioJXHTejiBHOCTH  nojiHHOMOB,  xoTopnie  He 
MoryT  6bitb  npe^CTaBaeHBi  b  Bime  cyMMBi  xBa^paTOB  nojiHHOMOB. 

ITpiiMeHeHiie  napaMeTpnnecxon  jieMMBi  Hxy6oBiina  x  npoBepxe  nojioaaiTejiBHOCTH  panyiOHajiBHBix  <J>yHxn,HH 
^aeT  HOBoe  ^oxasaTejiBCTBO  yTBepa<yi,eHHa  ceMHa,n,n,aTOH  npobjieMBi  rnjiB6epTa  [4],  b  cjiynae,  xoiyja  xax  hiicjih- 
TeaB,  Tax  h  3HaMeHaTejiB  paccMaTpiiBaeMOH  cjryHxpHH  CTporo  nojionaiTejiBHBi.  HexoTopBie  npe,n,BapHTejiBHBie 
pe3yaBTaTBi,  CBa3aHHBie  c  TeMoit  ^oxaa^a,  ony6jnixoBaHBi  b  [5] . 

JlHTepaTypa 

[1]  5lKy6oBna  B.A.  BacTOTHaa  TeopeMa  b  Teopmi  ynpaBjiemiH.  Ch6.  MaT.  acypH.  1973.  T.  14.  N2  2.  C.  384-419. 

[2]  5lKy6oBHH  B.A.  PcmeHiie  HexoTopBix  MaTpuuHBix  HepaBeHCTB  BCTpeuaiomuxcH  b  Teopnii  aBTOMaTHuecxoro  perynn- 
poBaHna.  £AH  CCCP.  1962.  T.143.  C.  1304-1307. 

[3]  5Ixy6oBHH  B.A.  S-npopeflypa  b  HejiHHeiiHOH  Teopim  peryjmpoBaHHH.  BecTHiix  Jiry.  Cepus  MaTeMaTHxa,  MexaHHxa, 
acTpoHOMHa.  1971.  N2  1.  C.  62-77. 

[4]  npo6jieMbi  Pnjib6epTa.  C6ophhk  nofl  o6hj;.  pe/p  II. C.  AjiexcaHflpoBa.  MocxBa.  1969. 

[5]  Gusev  S.V.  Parameter-Dependent  S-Procedure  And  Yakubovich  Lemma.  ArXiv:  math.OC/0612794.  2006.  P.  1  11. 


Construction  of  Parameter-Dependent  Lyapunov  Functions 
Using  Parametric  Yakubovich  Lemma 

Gusev  S.V. 

Saint  Petersburg  State  University,  Russia 

A  new  method  of  parameter-dependent  Lyapunov  function  construction  for  nonlinear  parameter-dependent 
systems  is  proposed.  The  method  is  based  on  a  generalization  of  Yakubovich  Lemma  to  the  case  when  the 
quadratic  form  depends  on  parameters.  This  generalization  is  called  the  parametric  Yakubovich  Lemma.  It  can 
be  used  to  give  a  new  proof  of  the  statement  of  Hilbert’s  17th  problem  under  additional  assumption  that  the 
numerator  and  denominator  of  the  considered  rational  function  are  strictly  positive. 
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IIOCTPOEHHE  TPYBblX  HE3AMKHyTBIX  CHCTEM  ynPABJIEHHH 
HA  OCHOBE  nPEBEHTHBHOH  KOMnEHCAIIHH  B03MyHJ;EHHH 

^HpyjKHHHH  3.H. 

H/fCTY  CO  PAH,  HpKymcK,  Poccuh 

06cyjK,n,aeTCH  aKTyajiBHan  3a,n,aHa  aBTOMaTnnecKoro  ynpaBjieHHH  ^BHJKeHHeM  b  ycjiOBiiax  Heonpe,a,ejieHHOCTii. 
Cjie^yH  3aMBicjiy  nocTpoemin  He3aMKHymou  aBTOMaTnnecKon  ciiCTeMBi  nporpaMMHoro  ynpaBjieHiia  6e3  me- 
nyuyux  u3Mepemiu  603Myvu,eHuu  [1],  npe^jiaraeTcn  no^xo,a,,  ochob aHHBin  na  i-icnojiB30BaHi-ni  anpuopHou  iih- 
(jjopManHH  o  Tpe6yeMOi"i  tohhocth  3HaneHHn  KpiiTepiia  KanecTBa  peryjiiipoBaHiia  h  o  ^eiiCTByromiix  B03Myin,eHii- 
sx.  ripe^jiaraeMBiii  nyTB  nocTpoemin  He3aMKHyTOi"i  ci-iCTeMBi  oraipaeTca  Ha  npsiAiou  MeTO,a,  pacneTa  nporpaMM- 
hbix  ynpaBjieHiiii  b  Hejii-meimBix  cucTeMax  [2,3]-  YnpaBjieHiie,  BBMHCJieHHoe  no  pa3pa6oTaHHMM  ajiropiiTMaM 
[1,6],  o6ecnemiBaeT  i-icnojiHem-ie  3a,a,aiomero  B03^eiicTBHH  b  OKpecTHOCTii,  .nonycKaeMoIi  tohhoctbio  perynnpo- 
BaHI'IH  H  fleilCTByromi-IMII  B03MymeHIIHMII.  B  CHJiy  KOppeKTHOCTI-I  —  yCTOHHIIBOCTH  no  A.H.  TlIXOHOBy  [7] 
npaMBix  ajiropiiTMOB  [8]  BBinncjieHHBie  ynpaBjunomne  B03,a,eHCTBHH,  He  ucno.ti’b3ymvu,ue  meKyuyux  u3MepeHuu , 
o6ecnennBaiOT  Majiyro  nyBCTBHTejiBHOCTB  peryjinpyeMBix  npopeccoB  k  B03Mym,eHHHM  napaMeTpoB  obteKTa  n 
cpe,a,Bi  [9] . 

JlHTepaTypa 

[1]  KypacaHCKHii  A.B.  ynpaBjtemie  n  Ha6jnoyi;eHHe  b  ycjiOBnax  Heonpeyi;ejieHHOCTH.  -  M.:  HayKa,  1977,  392  c. 
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[3]  Bopohob  B.B.,  TlpyjKHHHH  3.H.  npaMoii  MeTOfl  4>opMiipoBaHHH  nporpaMMHBix  ynpaBjieHHH  He-jiHHeHHBiMii  oOteK- 
TaMH  //  Hsb.  PAH  ThCY.  2005.  N2  2,  c.  10-17. 

[4]  A.H.Thxohob,  B.H.ApceHHH.  MeTOflBi  pememia  HexoppeKTHBix  3aflaa.  -  M.:  HayKa, 1979,  385  c. 

[5]  TlpyaaiHHH  3.H.  06ycjiOBjieHHOCTB  npaMBix  ajiropiiTMOB  pacneTa  nporpaMMHBix  ynpaBjieHHH  HejiHHeiiHBiMii  cncTeMa- 
mh.  TpyflBi  MeacflyHapoflHoro  ceMHHapa  «Teopna  ynpaBjieHHH  n  Teopua  o6o6m;eHHBix  pemeHnii  ypaBHemm  r aMH  jiBTOHa- 
Hko6h».  EKaTepnH6ypr,  H3yi;aTejiBCTBO  YpajiBCKoro  yHHBepcHTeTa,  2006,  tom  2,  c.  136-142. 

[6]  3.H.  TlpyjKHHHH,  C.H.  BacnjineB,  B.A.  Bopohob.  HoBaa  BBiancjiHTejiBHaa  TexHOJiorna  (JiopMHpoBaHHa  nporpaMMHBix 
ynpaBjieHHH  b  HejinHeHHBix  CHCTeMax.  XIII  CaHKT-HeTep6yprcKaa  MejKflyHapoflHaa  KOH(J)epeHn,HH  no  HHTerpnpoBaHHBiM 
HaBHran,noHHBiM  CHCTeMaM,  29-3lMaa  2006.  CaHKT-HeTep6ypr,  Poccna,  c.  167-174. 


On  Constructing  the  Robust  Open  Control  Systems  on  Basis 
of  Preventive  Compensation  of  Perturbations 
Druzhinin  E.I. 

Institute  for  System  Dynamics  and  Control  Theory  (ISDCT)  of  SB  RAS,  Irkutsk,  Russia 

The  well-condition  property  (stability  by  A.N.Tichonov)  of  direct  computational  algorithms  is  closely  associated 
with  the  nonsensitivity  property  of  the  calculated  controls  to  perturbations  of  system  parameters,  their  so-called 
"parametric  robustness".  The  underlying  ideology  of  the  direct  method  to  ensure  realization  of  the  route  in  the 
neighborhood  determined  by  the  assigned  accuracy  that  has  been  successfully  employed  in  a  particular  problem 
of  controlling  the  scanning  in  the  assigned  route  of  the  spacecraft  optical  axis,  leads  to  a  new  solution  for  the 
problem  of  controlling  from  the  driving  action,  or,  in  more  general  terms,  to  a  new  concept  of  constructing  open 
control  systems,  to  the  concept  of  preventive  compensation  of  perturbations. 
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PHCKH  B  MHOrOKPHTEPHAJTbHbIX  3AAAHAX 
XyKOBCKHH  B.H.%  CopOKHH  K.C.** 

*  Poccuuckuu  3aoHH,uu  uHcmumym  mencmuAbHou  u 
AeeKou  npoMuiuAemiocmu  (Poc3HTJUI),  MocKea,  Poccua, 

**  BMuK  MPy,  Poccua 

BjiecTHiu,aH  i-mea  A.M.  JlnnyHOBa  o  bo3mo>khoctii  cynyiTB  06  ycTOHHHBOCTH,  orpaHiiuiiBaHCB  tojibko  CBOiicTBaMi-i 
(jjyHKHHH  JlnnyHOBa  n  ee  npoii3BO,n,HOH,  b  ,a,OKjia^i,e  npejiOMjineTCH  b  bo3mo>khoctb  cyzpiTB  06  onTiiMajiBHOCTi-i 
pememin  MHoroKpHTepnajiBHon  hoshhhohhoh  /piHaMHuecKOH  3a,n,aHH  npn  Heonpe,a,ejieHHOCTH  (M3H)  no  skc- 
TpeMajiBHBiM  CBOiiCTBaM  npoii3BO,a,HOH  (jjyHKHHH  BejuiMaHa-KpacoBCKoro.  PaccMaTpiiBaeTca  M3H: 

r  =  (£,  U,  Z,  {Ji(U,  Z,  to,  a’o)}igAr) , 

r,n,e  N  =  {l,...,n};  £  4-  x  =  f(t,x,u,z),  a;  (to)  =  xo\  t  G  [to,$],  •&  >  to  >  0,  x  G  Rn,  u  £  Rm,  z  £  Rk; 
U  =  {U  A  u(t,x,z)},  Z  =  {Z  ~  z[-}  |  z  =  V(t,z),  z[t0 \  =  z0  Vz0  G  Rk },  Ji(U,Z,t0,x 0)  =  <PiO(i?))  + 

/  Fi(t,x(t),u[t],z[t])dt. 

to 

A jih  r  bboahtch  (jjyHKHHH  ( (jj  y  h  k  h  h  o  h  a  j  i  h  [ )  pncKa  o,xq)  =  max  Jj(P,  Z,  to,  a;o)  —  Ji(U,  Z,to,xo) 

(i  G  A)  n  n-BeKTopa  J  =  (Ji, ... ,  Jn)  n  $  =  ($i, . . . ,  $„). 

Onpe,a,ejieHne.  Tponicy  ([/*,  J*  [t0,  a’o],  [to:  #o])  G  U  x  R2n  Ha3oee.u  zapanmupoeaHHUM  no  ucxoda.u  u 
pucKdM  pemenueM  (THP)  3a,n,aHH  T  c  HanajiBHoii  no3Hn,Heii  (foj£o)>  ecjin  cyipecTByeT  Z *  £  Z,  npn  KOTopoii 

J*[to,xo\  =  Ji(U*,Z*,t0,x0),  $*[^0,^0]  =  $i(U*,Z*,t 0,x0)  n 

1°)  fljw  Ka>K,n,oro  Z  £  Z  KOHTpcTpaTerna  U*  G  U  MaKCiiMajiBHa  no  IlapeTO  b 

T(Z)  =  (£(z),  U,  {  Ji(U,  Z,  t0,  x0),  Z,  t0,  aJo)}ieJV)  ; 

2°)  iieonpe^ejieHHOCTB  Z*  £  Z  Mi-mriMajiBHa  no  IlapeTO  b 

r(C7*)  =  (£([/*),  Z,  { Ji(U*,  Z,  to,  xo),  -$i{U*,Z,  to,  x0)}i€N)  ■ 

ITpe^jiararoTca  ,n,ocTaTOHHBie  ycjiOBiia  cymecTBOBaHna  THP  (ocHOBBiBaacB  Ha  Brme  <1>,  n  Ha  Teopnn  MHoro- 
KpriTepnajiBHBix  3a^,an),  3aTeM  c  noMom,Bio  [1]  MO^Hcj>Hn,HpyiOTCH  cooTBeTCTByK>m,ne  ypaBHemiH  /H-maMHuecKoro 
nporpaMMiipoBafflia.  B  3aKjnonemie  Han,n,eH  hbhbih  bhh  THP  pjm  jnmeHHO-KBa/ipaTHHHOH  T. 
rtpn  cjjHHaHCOBon  no,H7i,ep>KKe  POOH  rpaHT  N2  05-01-00419. 
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[1]  V.I.  Zhukovskiy.  Lyapunov  Functions  in  Differential  Games.  London  and  New  York:  Teylor  &  Francis  Group,  2003, 

281  p. 


Risks  in  Multi-Criteria  Problems 

Zhukovskiy  V.I.*,  Sorokin  K.S.** 

*  Russian  Correspondence  Institute  of  Textile  and  Light  Industry,  Moscow,  Russia, 

** Lomonosov  Moscow  State  University,  Russia 

The  dynamic  multi-criteria  problem  in  positional  counter-strategies  under  uncertainty  is  considered  in  this 
paper.  The  risk  function  for  each  criteria  is  introduced  and  the  guaranteed  in  outcome  and  risk  solution  is 
formalized.  The  existence  theorem  is  proved  and  in  linear-quadratic  case  the  explicit  solution  is  found. 
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O  CTAEHJIH3AD;HH  nEPHOAHHECKOH  CHCTEMbI 
C  HAEJIIOAATEJIEM 

3ann,eB  B.A. 

ydMypmcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 


PaccMOTpi-iM  jumeimyio  .nymaMimecKyio  ci-iCTeMy 

x  =  A(t)x  +  B(t)u,  (t,  x,  u)  €  R1+n+m, 
y  =  C{t)x,  y  £  Rk 

c  H3 m ep h m  ht  m  h  orpaHiiHeHHbiMi-i  KOScjjcjjimiieHTaMii.  IlocTporiM  no  cncTeMe  (1)  h  no  BBixo,n,HOMy  cnraany  y 
opeHKy  x  coctohhiih  cncTeMBi  (1): 


x  =  A(t)x  +  V (■ t){y{t )  —  C{t)x)  +  B(t)u ,  x  £  Rn. 


(2) 


IlycTb  3aKOH  ynpaBjiemra  HMeeT  Bim 


u=U  (■ t)x . 


3aMKHyTan  2n-MepHaa  cncTeMa  (1)— (3)  npiiMeT  Bim 


( *  \  _  (  m  mu M 

)  yv{t)c(t.)  A(t)  +  B(t)u(t)-v(t)c(t) 


llycTB  x  =  x  —  x.  ITepeii^eM  b  cncTeMe  (4)  k  nepeMeHHMM  (x,x),  nojiymiM  cncTeMy 


x 

x 


A(t)  +  B(t)U(t)  —B(t)U(t)  \  fx 

0  A(t)  -  V(t)C(t)  )  '  V  * 


(3) 

(4) 

(5) 


TeopeMa  1.  IlycTB  cncTeMa  (1)  paBHOMepHO  Bnojme  ynpaBjmeMa  n  paBHOMepHO  Bnojme  Ha6jiKyi,aeMa  (npn 
u  =  0).  Toiyja  jik>6bix  nnceji  X,  y  £  R  cyipecTByiOT  H3MepriMBie  orpaHnneHHBie  ynpaBjieHira  {7(f),  V(t)  n 
nocTOHHHaH  MaTpnpa  S,  Taxue  hto  cncTeMa  (5)  c  stiimh  ynpaBjiemraMH  npiiBO,n,HMa  npeo6pa30BamieM  JlnnyHOBa 
k  cncTeMe 

x  \  _  f  A(t)  +  A I  S  \  f  x  \ 

x  )  \  0  A(t )  +  yl  J  \  x  J  ' 

TeopeMa  2.  IlycTB  cncTeMa  (1)  paBHOMepHO  Bnojme  ynpaBjmeMa  n  paBHOMepHO  Bnojme  Ha6jno,n,aeMa  (npn 
u  =  0),  n  KOScjDcjmpHeHTBi  cncTeMbi  (1)  —  nepno^nnecKne  cjryHKnjm.  Tor,n,a  ^jih  jno6oro  v  >  0  cymecTByiOT 
nepno,n,imecKne  H3MepnMBie  orpammeHHBie  ynpaBjieHira  U(t),  V(t)  Tam-ie  hto  cncTeMa  (5)  c  stiimh  ynpaBjiemi- 
hmh  npiiBO^HMa  nepno,n,imecKHM  npeo6pa30BamieM  JlanyHOBa  k  cncTeMe  nocTOsmHoii  MaTpnn,eft  P,  Taxon  hto 
ReA;  <  —v  fljrn  Bcex  co6ctb6hhbix  3HaHeHim  A  j  MaTpimpi  P. 

PaboTa  no^epncaHa  POOH  (rpaHT  N2  06-01-00258). 


On  Stabilization  of  a  Periodic  System  with  Observer 

Zaytsev  V.A. 

Udmurtia  State  University ,  Russia 

If  periodic  system  with  observer  is  uniformly  completely  controllable  and  uniformly  completely  observable  then 
it  is  uniformly  stabilizable  by  periodic  control  functions 
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IIAPAMETPHHECKA5I  H^EHTH  OT/TK  AT  TFT  HEJIHHEHHbIX 

AHCCnnATnBHbIX  CHCTEM  ha  OCHOBE  COBPEMEHHbIX 
HH<POPMAIJHOHHbIX  TEXHOJIOrHH 

3oTeeB  B.E. 

CaMapcnuu  gocydapcmeennuu  mexHunecKuil  ynueepcumem,  Poccua 

Il3BecTHO,  hto  pocTOBepHaa  opeHKa  h  aHajiii3  ua Mere hum  xapaKTepncTHK  pacceaHiia  srepriui  KOJie6aHiiii  Me- 
xaHH'recKOH  ciiCTeMbi  b  npopecce  ee  SKcnjiyaTapiiii  hjih  npouHOCTHbix  npoMbimjieHHbix  ncnbiTaHHH  HBjiaeTCH 
Ba>KHeiimeii  npo6jieMOi“i  b  ManiiiHOCTpoeHini.  TpapHUHOHHhre  MeTopni  onpepejieHira  pHCCiinaTHBHbix  xapaKTe- 
Phcthk,  b  ocHOBe  KOTopbix  jieacaT  npocTbie  MaTeMaTHuecKi-ie  MO^ejiH,  o6mhho  ncnojib3yiOT  pe3yjibTaTbi  HecKOjib- 
khx  H3MepeHHft  h  He  opueHTiipoBaHbi  na  npi-iMeHemie  CTaTHCTHuecKHx  MeTopoB  o6pa6oTKii  SKcnepiiMeHTajibHbix 
paHHbix.  OT,a,ejibHbie  nonbiTKii  uacTHHHoft  hjih  nojiHoii  KOMnniOTepiisapHii  h  aBTOM aTH3 apiiii  npopecca  onpe- 
pejieHira  napaMeTpoB  pHCCHnaTHBHoft  CiiCTeMbi  He  3aTpari-iBaiiH  caMoft  MeTopojiorHH,  BCJiepcTBiie  uero  cyrpe- 
CTBemio  noBbiciiTb  ^ocTOBepHOCTb  opeHOK  He  ypaBajiocb.  CoBpeMeHHbiii  ypoBeHb  pasBirmn  cpepcTB  BbiHHCJieHHH 
n03B0JIHeT  KOpeHHbIM  o6pa30M  H3MeHHTb  MeTOpbl  MOpejII'ipOBaHHH,  HpeHTH(J)HKaH,HH  H  pnarHOCTHKH,  BHeppi'ITb 
b  npaKTHKy  iiccjiepoBaHHii  peMncjuipyiomHx  cboiictb  Mainim  h  MexaHii3MOB  CTaTHCTHuecKne  MeTopni  aHajni3a 
h  TeM  caMbiM  cyipecTBeHHO  noBbiciiTb  KauecTBO  h  pocTOBepHOCTb  pe3yjibTaTOB  o6pa6oTKii  SKcnepiiMeHTajibHbix 
paHHbix.  npiiHpiinHajibHO  pemiiTb  npo6jieMy  KauecTBeimoro  H3MeHeHiia  cnoco6a  onpepejieHiia  piiccHnaTHBHbix 
xapaKTepncTHK  MexaHHuecKoft  CiiCTeMbi  mohcho  TOJibKO  Ha  ocHOBe  hobbix  MaTeMaTiinecKiix  Mopejieii,  opueH- 
Ti-ipoBaHHbix  Ha  npiiMeHeHiie  coBpeMeHHbix  MeTopoB  napaMeTpiiuecKOH  wpe h  f h (}:> h  Ka n h  h  ii  KOMnbK)Tepii3aij,Hio 
ajirOpi'ITMOB  BbiHHCJieHHH . 

IIpH  pa3pa6oTKe  hobhix  scjDcjDeKTHBHbix  MeTopoB  napaMeTpiinecKOH  i-meHTinfu-iKapiiH  HejniHeiiHbix  pricci-ma- 
THBHbix  CHCTeM  b  cjropMaTe  coBpeMeHHbix  HHcjDopMapiiOHHbix  TexHOjiornii  6buiii  pemeHbi  cjiepyromiie  ocHOBHbie 
3a,paHH.  Bo-nepBbix,  nocTpoeHbi  jii-iHeimo  napaMeTpiiHecKiie  piiCKpeTHbie  Mopejni  b  cjjopMe  crroxacrr h ' rec k h x  pa3- 
hocthbix  ypaBHeHiiii,  onucbiBaiomHe  BpeMeHHbie  nocjiepoBaTejibHOCTii  pe3yjibTaTOB  H3MepeHHH  Bii6porpaMMbi 
CBo6opHbix  KOJie6aHHi"i  MexaHiinecKiix  CHCTeM  c  JiiiHeiiHO  bhskhm,  Typ6yjieHTHbiM  h  KyjiOHOBbiM  TpeHiieM,  CHCTeM 
c  pHCCiinaTHBHbiMH  ciuiaMH,  nponoppuoHajibHbiMH  n-ii  CTenemi  CKopocTii  pBiiaceHiia,  CHCTeM  c  riiCTepe3HCHbiM 
TpeHiieM.  Mopejiii  3Toro  Kjiacca  jiiiHeiiHbi  OTHOciiTejibHO  KoscjDcjDiipiieHTOB,  ii3BecTHbiM  o6pa30M  CBH3aHHbix  c 
pHH aM II ' I ec K H M H  XapaKTepiICTHKaMH  CiiCTeMbi,  B  TOM  HHCJie  C  XapaKTepHCTHKOH  HejIIIHeilHOCTH  pHCCIinaTHBHOH 
CHjibi,  KOTopaa  HBjiaeTCH  BajKHeitniHM  pnarHOCTHHecKHM  npii3HaKOM  TexHiinecKoro  coctohhhh  MexaHH'iecKoii 
CHCTeMM.  Bo-BTopbix,  Ha  ocHOBe  nojiyneHHbix  jiiiHeimo  1 1 apaMerp h ' tec k h x  piiCKpeTHbix  Mopejieii  b  cjjopMe  CTOxa- 
CTiiHecKiix  pa3HOCTHbix  ypaBHeHiiii  pa3pa6oTaH  h  uccjiepoBaH  noMexoycTOHHHBbiii  MeTop  opem-maHi-ia  pi-maMi-i- 
HecKHx  xapaKTepncTHK  HejiiiHeimoH  piicciinaTiiBHOH  CiiCTeMbi.  B  ocHOBe  MeTopa  jieaa-iT  HTepapHOimaa  npopepy- 
pa  cpepHe-KBappaTHHHoro  opeHiiBaHi-ia  K034xJ>im,HeHT0B  CTOxacTiiHecKoro  pasHOCTHoro  ypaBHemia.  IfeBecTHbie 
COOTHOHieHIIH  Me>Kpy  3THMH  K03lJ)c}3HIJ,HeHTaMH  II  napaMeTpaMH  pHCCIinaTHBHOH  CiiCTeMbi  n03B0JIJH0T  He  TOJibKO 
BblHI-ICJIHTb  flHHaMHHeCKHe  XapaKTepiICTIIKH  C  BbICOKOH  TOHHOCTblO,  HO  II  pOCTOBepHO  OpeHI-IBaTb  nOrpeiHIIOCTb 
nojiyneHHbix  pe3yjibTaTOB.  B  TpeTbi-ix,  pemeHa  3apana  scjDcjDeKTHBHoro  BHeppeHiia  b  npaKTHKy  o6pa6oTKii  pe- 
3yjibTaTOB  SKcnepiiMeHTa  no  onpepejiemno  xapaKTepncTHK  pacceaHiia  SHepniii  KOjiebaHiiii  HejiiiHeiiHOii  MexaHii- 
necKOH  ciiCTeMbi  coBpeMeHHbix  cpepcTB  BbiHiicjieHiiH.  Pa3pa6oTaHO  nporpaMMHoe  o6ecneHeHiie,  peajn-i3yiomee 
ycTOHHHBbie  ajiropi-iTMbi  opeHiiBaHi-iJi  pHHaMHnecKHx  xapaKTepncTHK  HejiiiHeimoii  piiccHnaTiiBHOH  CiiCTeMbi. 

HHCJieniio-aHajiHTHHecKHe  iiccjiepoBaHHH  ii  pe3yjibTaTbi  npiiMeHeHiiH  paHHoro  MeTopa  b  3apanax  upeHTiKjiH- 
KapHH  napaMeTpoB  Mopejieii  Heynpyroro  pecjDopMiipoBaHHsi  h  paspymeHira  MaTepnajiOB  noKa3ajn-i  ero  BbicoKyio 
3(J)4)eKTHBHOCTb  II  Hape>KHOCTb. 


Parametrical  Identification  of  Nonlinear  Dissipative  Systems 
Based  on  Modern  Information  Technologies 

Zoteev  V.E. 

Samara  State  Technical  University,  Russia 

The  problem  of  qualitative  change  of  methods  for  mechanical  systems  dissipative  characteristics  determination 
can  be  solved  in  the  frame  of  modern  information  technologies. 

In  the  present  work,  new  mathematical  models  are  developed  in  the  form  of  stochastic  difference  equations, 
describing  time  sequences  of  measurements  of  free  fluctuations  of  nonlinear  dissipative  systems. 


HEJIHHEHHAH  TEOPMH  VI I  PA  BJIEHHH 
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jiokajih3Ad;hh  nPE^EJibHoro  mho>kectba  n 
nPEAKOMnAKTHOCTb  TPAEKTOPHH  AM^EPEHIJHAJIbHblX 
YPABHEHHH  B  bahaxobom  iipoctpahctbe 

3yeB  A.JI. 

HHcmumym  npuKAadnoil  MameMamuKU  u  Mexanunu  HAH  Ynpaunu,  /foneyn,  Ynpauna 

TeopeMa  Bap6amiiHa-KpacoBCKoro  h  npirapim  HHBapiiaHTHOCTii  JlaCajuisi  no3BOJiHK>T  iiccjie.npBaTB  xapaKTep 
npe,a,ejiBHoro  MHontecTBa  TpaeKTopiiii  aBTOHOMHOii  ci-iCTeMBi  ^iicjjcjDepeHpiiajiBHBix  ypaBHeHiiii  c  noMOHipio  cjjyHK- 
Hhh  .rianyHOBa,  iiMeiomeii  3HaKonocTOHHHyio  npoi-i3BO,n,Hyio.  JHiR  o6o6iu,eHiiH  3Toro  no,gxo,zi,a  Ha  cjiyuaii  ^HHaMi-i- 
aecKHx  CHCTeM  b  6ecKOHeHHOMepHBix  npocTpaHCTBax  Heo6xo/i,iiMO  ^onojimiTejiBHO  npoBepsiTB  ycjiOBiie  npe,a,KOM- 
naKTHOCTi-i  (oTHOCi-iTejiBHOH  KOMnaKTHOCTi-i)  uccjie^yeMBix  TpaeKTopiiii,  nocKOJiBKy  Tanoe  ycjiOBiie  He  cjie^yeT  H3 
orpaHHHeHHOCTH  pemeHinl.  B  CTaTBe  [1]  npe^,jio>KeHO  ^ocTaTOHHoe  ycjiOBiie  npe^KOMnaKTHOCTii  nojiOKiiTejiBHBix 
nojiyTpaeKTopiiii  rjik  a6cTpaKTHoii  3a,n,aHH  Kohiii  Ha  npoMexcyTKe  t  £  [0,  +oo)  cjie,n,yioiii,ero  Bima: 

x(t)  =  Ax(t),  x(O)  =  xq  £  X,  (1) 

r^e  X  -  Bem,ecTBeHHoe  6aHaxoBO  npocTpaHCTBO,  A  -  3aMKHyTBii"i  (BOo6m,e  roBopa,  HeorpaHiiHeHHBiii)  onepaTop 
c  o6jiacTBK>  onpe^ejieHiia  D{A )  c  X  h  3 h aT i e h h m m h  bI.B  H,HTHpyeMOH  CTaTBe  npe^nojiaraeTCH,  hto  onepaTop 
—  A  HBJIHeTCH  MOHOTOHHBIM. 

C  pejiBK)  H3yHeHiia  6ojiee  miipoKoro  Kjiacca  ypaBHeHiiii  (b  tom  Hiicjie  c  HeMOHOTOHHBiMi-i  onepaTopaMii) 
paccMOTpiiM  B03Myiu,eHHyio  3a^,auy  Kohiii  na  npoMencyTKe  t  >  0: 

x  =  Ax  +  f(t)R(x,  t),  x(0)  =  Xq  £  X,  (2) 

r,n,e  /  :  [0, +oo)  — >  I,  R  :  X  x  [0,+oo)  — >  X  -  iienpepbiBHBie  OTo6pa»ceHHsi. 

B  HacToaipeM  coo6m,eHHH  ^,OKa3aHO  coxpaHem-ie  CBoiicTBa  npe^KOMnaKTHOCTH  TpaeKTopiiii  npn  nepexo,n,e  ot 
ypaBHeHiia  (1)  k  (2)  c  h e KOrrop at m h  ^o  1 1  o j i h h rre j i b h bi m h  i  i p e; a  i o j i o >kc h h h m h  Ha  cjjyH Kip-no  /  h  OTobpajKemie  R. 
C  noMOiu,bio  3Toro  pe3yjiBTaTa  nojiyHeHBi  ,n,0CTaT0HHBie  ycjiOBiia  npe^KOMnaKTHOCTii  TpaeKTopiiii  HejnmeiiHoro 
aBTOHOMHoro  / 1 h (}) <}) ep e h  n h a j i  b h o i  o  ypaBHeHiia  b  6aHaxoBOM  npocTpaHCTBe.  B  KauecTBe  npiuioaceHiia  paccMOT- 
peHBi  3a,a,aHH  o  CTa6iijiii3aii,HH  h  'lacnriHoii  CTa6HjiH3an,HH  nojioJKeHiia  paBHOBecua  MexaHiiaecKOii  cucTeMbi  b 
Bime  TBep,a,oro  Tejia  c  npiicoe,ii,HHeHHBiMH  ynpyriiMii  sjieMeHTaMii. 

H,a,ea  .gOKasaTejiBCTBa  pacnpocTpaHaeT  no.gxo.ii,  [2]  Ha  cjiyaaii  6aHaxoBa  npocTpaHCTBa  c  6a3HCOM.  Kan  no- 
Ka3BiB aiOT  npiiMepBi,  nojiyHeHHBiii  pe3yjiBTaT  cnpaBe,a,jiiiB  6e3  1 1 p e; a 1  o j i o >kc h h a  o  mohotohhocth  reHepaTopa 
HejiiiHeiiHoii  nojiyrpynnbi. 

PaboTa  BBinojiHeHa  3a  cueT  Gio^aceTHBix  cpe^CTB  MOH  YKpaiiHBi,  npe,a,ocTaBjieHHBix  KaK  rpaHT  fIpe3imeHTa 
Y KpaiiHBi  GP/F13/0173. 

JlHTepaTypa 

[1]  Dafermos  C.M.,  Slemrod  M.  Asymptotic  behavior  of  nonlinear  contraction  semigroups  //  Journal  of  Functional 
Analysis.  -  1973.  -  13.  -  P.  97-106. 

[2]  Zuyev  A.L.  Partial  asymptotic  stabilization  of  nonlinear  distributed  parameter  systems  //  Automatica.  -  2005.  -  41, 
No  1.  -  P.  1-10. 


Localization  of  the  Limit  Set  and  the  Precompactness 
of  Trajectories  in  a  Banach  Space 

Zuyev  A.L. 

Institute  of  Applied  Mathematics  and  Mechanics,  National  Academy  of  Sciences  of  Ukraine,  Donetsk,  Ukraine 

A  class  of  bounded  perturbations  of  a  linear  differential  equation  in  a  Banach  space  is  considered.  Sufficient 
conditions  for  the  trajectories  precompactness  of  the  perturbed  system  is  proposed.  Such  conditions  are  shown 
to  be  applicable  for  a  nonlinear  differential  equation  without  assuming  that  the  corresponding  infinitesimal 
generator  is  accretive. 

This  work  is  supported  by  the  Ministry  of  Education  and  Science  of  Ukraine  through  grant  GP/F13/0173 
of  the  President  of  Ukraine  for  Young  Scientists. 
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HEJIHHEHHblE  YIIPABMEMblE  CHCTEMbI  B 
YCJIOBHHX  HEOnPEAEJIEHHOCTn 

KoMJiesa  T.A.*,  IIjiothhkob  A.B.** 

*OdeccKuu  Han)ucmaA'bHuu  noAumexHuuecKuu  ynueepcumem,  Ynpauna, 

**  OdeccKdH  docydapcmeeHHaH  anadeMUA  cmpoumejibcmea  u  apxumenmypu,  yKpauna 

B  80-x  ro,n,ax  XX  Bexa  B03Hi-iKjia  Teopiia  ynpaBjieHHH  o6T>exTaMH  b  ycjiOBi-iax  Heonpe,a,ejieHHOCTii.  9to  CBjraaHO 
c  TeM,  hto  He  Bee  ynpaBjunomne  B03,n,eHCTBHH,  KOTopnie  bjihjhot  Ha  cocToamie  /pmaMH'iecKOH  ciiCTeMBi,  no,n,- 
BjiacTHBi  BOJie  nejiOBexa.  IIpH  paspememni  npaxTHnecxiix  3a,n,aH  Bauaro  yniiTBiBaTB:  ne,n,ocTaTOx  HHcjiopManHH 
o  KaKiix  jiii6o  napaMeTpax  CHCTeMM,  norpeniHOCTH  b  hcxo^hbix  ,n,aHHBix,  ohih6kii  b  noKa3am-iHx  H3MepiiTejiBHBix 
npn6opoB,  ^eiiCTByromiie  Ha  CHCTeMy  HeKOHTpojiripyeMBie  noMexn  h  B03Mym,eHHH  h  ,np. 

B  ^aHHOM  ^OKjia^e  npe^nojiaraeTCH,  hto  Ha  o6T>exT  xpoMe  ynpaBjieHHH  B03,n,eHCTByiOT  noMexn,  OTHOCiiTejiB- 
ho  xoTopBix  H3BecTHa  jihhib  o6jiacTB  hx  H3MeHeHHH.  Hto6bi  ynecTB  3th  noMexn,  b  ypaBHem-ie  ;i,BH>xeHHH  bbo,h,ht 
napaMeTp  v: 

x  =  f(t,x,u,v),  x(to)  =  xo,  u  €  U,  v  e  V.  (1) 

ITpn  Hsy'ieHHH  criCTeMBi  (1)  b  ^.oxjia^e  paccMaTpuaafOTCM  cjie^yromne  ,n,Ba  no^xo,a,a. 

riepBBiii  no^xo,H,.  no,n,CTaBHB  b  ypaBHemie  (1)  BMecTO  Heonpe,n,ejieHHBix  napaMeTpoB  o6jiacTB  hx  H3MeHeHHM, 
b  pe3yjitTaTe  nojiyniiM  ^ixjK^epeHpHajiBHoe  ypaBHemie  c  MHoro3HaHHOi"i  npaBoii  nacTBio,  xoTopoe  co.nepjxHT 
tojibxo  ynpaBjieHiie  [1-6] . 

BTopoii  noflxo,H,  ocHOBaH  Ha  tom,  hto  no  CBoeii  cjDopMyjnipoBxe  nojiyHeHHaa  3a,n,aHa  6jiH3xa  x  3a,n,aHaM  Teopini 
^,H(J)4)epeHH,HajiBHBix  imp  b  npe^nojiOHceHiin,  hto  noMexa  —  sto  flpyroft  nrpox  [7-9]. 
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[9]  KoMjieBa  T.A.  Ajire6panuecKHe  ycjiOBHH  ynpaBjineMOCTH  /uiHaMiiuecKOH  CHCTeMbi  npn  HeonpeflejieHHOCTH  /  Menyay- 
HapoflHaa  KOH(f>epeHH,HH,  nocBHiii,eHHaH  75  jieTHio  co  flHa  poiKfleHHH  B.H.  3y6oBa  cYctohhhboctb  11  npopeccbi  ynpaB- 
jieHim»,  Pocciih,  CaHKT-IleTep6ypr  29.06.-01.07.2005.  C6ophhk  TpygOB.  CaHKT-IleTep6.  Toe.  YmiBepcHTeT,  2005.  T.3.  - 
C.  1407-1413. 


Nonlinear  Controlled  Systems  under  Conditions  of  Uncertainty 

Komleva  T.A.*,  Plotnikov  A.V.** 

*  Odessa  National  Polytechnical  University,  Ukraine, 

**  Odessa  State  Academy  Civil  Engineering  and  Architecture,  Ukraine 

In  the  report,  nonlinear  control  systems  under  conditions  of  uncertainty  are  considered.  Some  results  obtained  by 
means  of  two  approaches  are  presented.  The  first  approach  is  the  transition  to  controlled  differential  inclusions 
and  the  second  one  —  application  of  methods  similar  to  methods  used  in  the  theory  of  differential  prosecution 
games. 
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PA3BHTHE  FT /TEH  METO^A  A.M.  JlfflyHOBA  B 
MATEMATHHECKOH  TEOPHH  yilPABJIEHM 

Kopo6oB  B.H. 

XapbKoecnuu  HayuonaAbnuu  ynueepcumem  umchu  B.H.  Kapa3una,  Yupauna, 
Szczecinsky  University,  Institute  of  Mathematic  (Szczecin,  Poland) 

IIIiipoKoe  npi-iMeHem-ie  k  3a^,anaM  ynpaBjieHiia  h  ^ajibHeiimee  pa3BHTiie  nojiyHiui  mctoa  <J>yHKii,HH  A.M.  Jlany- 
HOBa.  3to  npe:*Ae  Bcero  KacaeTca  3aAaHi-i  onTiiMajiBHoii  CTadiijiiiaanHu  Ha  6ecKOHeHHOM  npoMeacyTKe  BpeMem-i, 
pa3BHTBix  B.H.  3y6oBBiM,  H.H.  KpacoBCKi-iM,  A.M.  JTgtobbim  ii  MHon-iMi-i  APyrnMii  aBTopaMii.  A61'111’1161”111166 
ero  pa3BHTiie  TaKate  CBa3aHO  c  pe3yjiBTaTaMii  no  BeKTopHBiM  4>yHKii,HHM  A.M.  JIanyHOBa  (A.M.  MaTpocoB), 
Teopiiii  nacTHHHoft  ycTOiiHi-iBOCTi-i  (B.B.  PyMHHpeB,  A.C.  03i-ipaHep).  Oahiim  113  HanpaBjiemiii  pa3BHTi-ia  Me- 
TO,a,a  <J)yHKH,HH  A.M.  JIanyHOBa  CTaji  mctoa  c|)yHKu,riri  ynpaBjiaeMOCTi-i,  npeAJioaceHHbiii  aBTopoM  b  1979  roAy, 
AJia  pemeHiia  3a^anH  AonycTi-iMoro  ciiHTe3a  no3im,HOHHoro  ynpaBjieHiia  na  KOHenHOM  npoMeacyTKe  BpeMeHii  c 
Hanepefl  3a^aHHBiMH  orpaHiineHiuiMH  Ha  ynpaBjieHi-ie. 

noA  3toh  sa^aneii  A-na  ynpaBjiaeMoft  ci-iCTeMbi  6yAeM  nomiMaTb  3aAauy  HaxojKABHiia  ynpaBjieHiia  b  BHAe 
(J)yHKH,HH  (J>a30BBIX  KOOpAHHaT,  yAOBJieTBOp5HOHl,erO  3aAaHHBIM  OrpaHIIHeHHHM  II  TaKOH,  HTO  TpaeKTopi-iH  no- 
jiynenHoii  3aMKHyToii  CiiCTeMBi  Ai«f>4)ePeHIh'iajIBHbix  ypaBHeHHfi,  HauimaiomaHca  b  npoii3BOJiBHoii  HauajiBHOH 
TOHKe,  OKaHHHBaeTCH  B  3aAaHHOII  TOHKe  B  KOHeHHBIH  MOMeHT  BpeMemi. 

npeAJioxeHHBiii  mctoa  npeAnojiaraeT  nocTpoemie  cj)yHKii,HH  ynpaBjiaeMOCTi-i  h  cooTBeTCTByiomero  ynpaB- 
jiemia  TaKHM  o6pa30M,  hto6bi  yAOBjieTBopajiocb  neKOTopoe  AH<i)ci:)ePeHIlIiajIbHOe  cooTHomeHne,  noAo6Hoe  kslk 
cooTHOHieHino  AJia  cjjyHKP111'1  JIanyHOBa  b  Teopiiii  ycTOiiHi-iBOCTi-i,  tslk  h  cooTHomeHino  A-na  <J)yHKH,HH  BejuiMaHa 
b  Teopiiii  onTHMajiBHoro  ynpaBjieHiia.  npn  stom  A-na  4>yHKii,HH  ynpaBjiaeMOCTi-i  ecTecTBeHHBiM  cnoco6oM  ee  3a- 
Aam-ia  aBjiaeTca  HeHBHBiii  cnoco6,  hto  OTjii-iHaeT  ot  TpaAi'in,iiOHHoro  hbhoto  3aAaHi-ia  c}i)yHKHHH  JIanyHOBa,  jih6o 
Kan  pememie  ypaBHemia  b  uacTHbix  npoi-i3BOAHBix.  C  noMom,bio  cj)yHKii,HH  ynpaBjiaeMOCTi-i  opem-iBaeTca  CHH3y 
ii  CBepxy  BpeMH  ABi-iaceHiia.  9Ta  cj)yHKii,HH  MoaceT  hbjihtbcji  ii  BpeMeHeM  ABHacemia,  b  nacTHOCTi-i,  onTi-iMajib- 
hbim  b  3aAane  GbiCTpoAeiiCTBiia.  Otmcti-im,  hto  mctoa  <f>yHKii,HH  ynpaBjiaeMOCTi-i  6jiii30k,  c  oahoii  ctopohbi,  k 
MeTOAy  4)yHKH,Hii  JIanyHOBa,  a,  c  APyroh  ctopohbi  k  MeTOAy  AHHaMi-iuecKoro  nporpaMMi-ipoBaHi-ia  ((J>yHKii,Ha 
BejuiMaHa,  b  uacTHOCTi-i,  MoaceT  6biTB  paccMOTpeHa  kslk  ((iyhkhhm  ynpaBjiaeMOCTi-i). 

PaccMOTpeHbi  cnoco6bi  nocTpoemia  <f>yHKii,HH  ynpaBjiaeMOCTi-i  h  no3im,iiOHiioro  ynpaBjieHiia  A-na  jniHeii- 
HblX  CHCTeM,  B  TOM  HHCJie  B  6eCKOHeHHOMepHbIX  npOCTpaHCTBaX,  II  HeKOTOpbIX  KJiaCCOB  HejII'IHeiiHblX  CI-ICTeM  c 
tohkoh  noKoa.  PemeHa  3aAana  ciiHTe3a  ajih  Kjiacca  Hejii-iHeimbix  cucTeM,  KOTopbie  c  noMom,bio  3aMeHbi  ci>a- 
30bmx  nepeMeHHbix  h  ynpaBjieHiia  OTo6pa»caiOTca  na  jiHHeiiHbie.  B  o6iii,eM  cjiynae,  pemem-ie  3aAaHH  ciiHTe3a 
AJia  HejiHHeHHBix  cucTeM  npoBOAHTCH  no  nepBOMy  npi-i6jii-i>KeHHio.  PaccMOTpeHa  3aAana  ci-nrresa  imepii,HOHHbix 
ynpaBjieHiiii,  T.e.  3aAana  ci-iHTe3a  c  orpaHi-iHeHi-iaMi-i  na  ynpaBjieHi-ie  i-i  ero  npoi-i3BOAHBie  ao  3aAaHHoro  nopaAKa. 

MeTOA  <J>yHKH,HH  ynpaBjiaeMOCTH  MoaceT  6bitb  pacnpocTpaHeH  na  cjiynaii,  KorAa  KOHenHaa  TOHKa  ne  hb- 
jiaeTca  tohkoh  noKoa  ci-iCTeMbi.  TorAa  ci-iHTe3  HeycTOimi-iB  b  tom  CMbicjie,  hto  nocjie  nonaAaHHH  b  3Ty  TOHKy 
TpaeKTopi-ia  ire  tojibko  He  ocTaeTca  b  Heit,  ho  nom-maeT  HeKOTopyio  ee  OKpecTHOCTb  h  CHOBa  B03Bpani,aeTCH  b 
3Ty  TOHKy  3a  KOHenHoe  BpeMH. 

A-aa  pemeHiia  3aAaHi-i  ci-iHTe3a  TaK»ce  aJjopMyjn-ipoBaH  donycmuMuu  npunyun  MaKCUMy.ua,  KOTopbiii  no 
cjjopMe  noAo6eH  npi-iHii,Hny  MaKCi-iMyMa  b  onTi-iMajiBHOM  ynpaBjieHiiii,  ho  npn  stom  yKa3BiBaeTca  conpsmceH- 
Haa  4)yHKH,i-ia,  KOTopaa  aBjiaeTca  cjjyHKniieH  (J)a30Bbix  KOOpAHHaT,  a  He  BpeMeHii,  hto  no3BOJiaeT  onpeAeJiaTb 
no3HH,iioiiHoe  ynpaBjieHiie. 


Development  of  A.M.  Lyapunov  Ideas  in  the  Mathematical  Control  Theory 

Korobov  V.I. 

Kharkov  National  University  named  by  V.N.  Karazin,  Ukraine 
Szczecinsky  University,  Institute  of  Mathematic  (Szczecin,  Poland) 


Method  of  controllability  function  proposed  by  the  author  for  the  solution  of  the  allowable  synthesis  problem 
for  positional  control  on  the  finite  time  interval  and  preset  constraints  is  discussed. 
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NONLINEAR  CONTROL 


O  CXOAHMOCTH  ABOHCTBEHHOrO  METO^A  PEHIEHH5I 
J1HHEHHO-KBAAPATHHHOH  3AAAHH 
onTHMAJibHoro  ynPABJiEHna 

KpoTOB  B.<E>.,  ByjiaTOB  A.B. 

HHcmumym  npo6jieM  ynpaenenu h  um.  B.A.  Tpane3HUKoea  PAH,  Poccuh 

^BoncTBeHHbiii  MeTO^n;  HncjieHHoro  pememni  3a^aH  oiithm ajiBHoro  ynpaBjieHna,  ochobclhhbih  Ha  MaKCHMH3aii;HH 
HHHCHeii  OD,eHKH  4>yHKD,HOHajia  KanecTBa,  6biji  npe^jionceH  b  [1].  B  [2]  npuBe/jeH  o63op  pe3yjiBTaTOB  npnMeHe- 

HH3  3TOrO  MeTO^a  K  KOHKpeTHBIM  3a,Z],aHaM  OnTHMajIBHOrO  ynpaBJieHHH,  KaK  ^HCKpeTHBIMH  CHCTeMaMH,  TaK  H 
CHCTeMaMH  C  HenpepBIBHBIM  BpeMeHCM. 

PaccMaTpHBaeTca  cjie/iyiomaH  3a,n,aHa 

T  /  n 

I  ^2  ai{x *)2  +yu 2 
\i=l 

x'  =  Ax  +  bu,  x(0)  =  xo,  (x(t) , u(t)) £  V (t) . 

B  ^OKjia^e  npe,n,CTaBjieHa  ^eTajiBHaa  cxeMa  npiiMeHemiH  ^BOiiCTBennoro  MeTO^a  k  stoh  3a,gaHe,  Bee  3Tanui 
KOTOpOH  nOJIHOCTBIO  ajirOpi'ITMH3IipOBaHBI.  ITpiIBOflHTCH  HOBBie  o6lH,Iie  pe3yjIBTaTBI  O  CXOflHMOCTH  flBOHCTBeHHOrO 
MeTcyja. 

JlnTepaTypa 

[1]  KpoTOB  B.O.  BbiMHCjiiiTejibHbie  ajiropiiTMbi  pemeHna  n  onTHMH3aunH  ynpaBjineMbix  CHCTeM  ypaBHeHiiii.  I,  II.  // 
TexHuaecKaa  Kn6epHeTiiKa,  1975,  N  5,  6. 

[2]  Krotov  V.F.  Global  Methods  in  Optimal  Control  Theory.  Marcel  Dekker  Inc.:  NY,  1996. 


On  the  Convergence  of  a  Dual  Method  for  a  Linear-Quadratic 
Optimal  Control  Problem 
Krotov  V.F.,  Bulatov  A.V. 

Institute  of  Control  Problems,  RAS,  Russia 

Application  of  a  dual  method  is  elaborated  for  the  common  linear-quadratic  optimal  control  problem.  New 
results  on  the  convergence  of  the  dual  method  in  general  continuous-time  problem  are  presented. 
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AOCTATOHHblE  YCJTOBM  yCTOHHHBOCTH 
B3AHMOAEHCTBna  HEPAPXHHECKHX  CHCTEM  B 
yCJlOBHHX  HEnOJIHOH  HHOOPMAIJHH 

KpyrjiHKOB  C.B. 

MHcmumym  MameMamuKU  u  Mexanunu  YpO  PAH,  EnamepunSyps,  Poccuh 

Ilccjie^OBaHbi  ^.ocTaTOHHbie  ycjiOBiia  yCTOHHHBOCTH  B3aiiMOfleiicTBiiH  ,n,Byx  nepapxnriecxHx  cucTeM  npn  ycjio- 
biiii,  hto  ynpaBjunomiie  B03,a,eiicTBiiH  xaxygOH  H3  hiix  (JjopMiipyroTCH  He3aBiiciiMO  no  uacTiiHHO  ^ocTynHOii  iih- 
cjjopManHH.  OopMupoBamie  ynpaBjiemin  peajni3yeTCH  Ha  ocHOBe  coneTaHHH  pernem-in  anpnopHBix  3a,n,aH  ynpaB- 
jiemiH  h  opemiBaHiiH  b  rapaHTiipoBaHHoti  nocTaHOBKe  no  cxeMe  npimpuna  pas^enemiH.  rZl,OCTaTOTIHbie  ycnoBi-ia 
c4)opMyjnipoBaHBi  Ha  ocHOBe  corjiacoBamiH  sxcTpeMajibHbix  KpiiTepneB  xauecTBa  ynacTHiixoB  n  cbohctb  p,o- 
CTynHoii  nH<J)opMan,nn .  PeajiH3an,nn  B03Myru,eHHH  MO^ejmpyiOTCH  jioxanbHbiMH  cerMeHTaMn,  HMeiomiiMH  Bepo- 
HTHOCTHoe  pacnpe,a,ejieHHe  nan  sjieMeHTbi  cjryHxuyiOHajibHoro  npocTpaHCTBa  c  Mepoft. 

ITpHHHTO  npe,a,CTaBjieHHe  B3anMO,a,eHCTBHH  nepapxnnecKnx  chctcm  b  BH^e  CTpyKTypnpoBaHHon  flHCKpeTHoii 
nocjie^OBaTejiBHOCTH  BBi6opa  criHxpoHH3ripoBaHHBix  ^encTBiiii  OT^ejiBHbix  o6T>exTOB  corjiacHO  jiexciixorpacjDH- 
necKH  ynopsifloneHHBiM  tiihobbim  xpiiTepHHM  3cJ)4)eKTHBHOCTH.  Ilpe^nojiaraeTCH,  hto  noxasaTejm  xauecTBa  on,e- 
HHBaiOT:  CTa6njiBHOCTB  Texyrpero  coctohhiih  h/hjii-i  npopecca  (J>yHXH,HOHHpoBaHHH,  floCTi-uxemie  peneBoro  Tep- 
MI-IHajIBHOrO  COCTOHHIIH,  OTHOCHTejIBHyiO  3(J>4)eXTHBHOCTb  (JjyHXHJIOHHpOBaHIIH.  KoOp,gHHaH,HH  B3aHM0,fl,eHCTBH}I 
no,a,CHCTeM  ocymecTBjraeTCH  3a  cneT  pacnpe,n,e.jieHHH  njiaHiipoBaHHH  no  ypoBHHM  opraHH3an,Hn,  hto  bo3mo>kho 
npn  corjiacoBaHHOCTii  HHC^opMarpm.  KanecTBeHHBiM  orpaHHuemieM  b  ,a,aHHOM  cjiynae  BBiCTynaiOT  He  tojibko 
bo3mo>khocth  h  apxiiTexTypa  ceTii  nepe,a,anH  /jaHHbix,  ho  ii  CTpyxTypa  BHyTpeHHero  npe,n,CTaB.iieHHH  imcjropMa- 
h,hh.  Texyipaa  CHTyapna  ,n,onycxaeT  pa3jniHHoe  omicaHiie  b  ciuiy  imcjropMapHOHHOH  orpaHiineHHOCTH  BHemiiero 
Ha6jiK),a,eHHH  h  ynacTHiixoB. 

PaccMaTpiiBaeTCH  MO,a,ejiB  opraHH3au,iiH  BHyTpermero  npe^CTaBjiePiiiH  iiH^opMapiiii,  o6ecneHHBaK>m,aH  corjia- 
coBaHi-ie  ^iicxpeTHO  nocTynaiomHx  ^aHHBix  pjin  ycTOilm-iBoro  cjry  hxh,hohhpob arois  cucTeMBi.  Ycjiobiih  imcjjop- 
MiipoBaHHOCTH  xa>x,ii,oro  yuacTHiixa  oniiCBiBaxjTCH  chctcmoh  OTo6pa>xeHHH,  onpe^,ejiHK)m,eH  nopsmox  h  npiiopn- 
TeTBi  nocjie^OBaTejiBHoro  npeo6pa30BaHHH  nocTynaromux  H3BHe  ^aHHbix  bo  BHyTpennee  npe^CTaBjieHiie  HH(]x>p- 
MauHH,  BxjiK3naK>ni,ee  OTHomemiH  nopsmxa  h  sxBHBajieHTHOCTH  o6T>exTOB,  xoTopme  ^eTepMiiHiipyeT  B03M0>xHbie 
^,eiicTBHH.  CiiTyapiiH  h  /yicxpeTHbiii  npopecc  cjDopMiipoBaHHH  ynpaBjieHnecxiix  pernem-iii  ynacTHiixaMH  MO,n,e.jiH- 
pyeTCH  b  TepMiiHax  BHyTpennero  H3Mepi-iMoro  npocTpaHCTBa  cerMeHTiipoBaHHbix  TpaexTopnii  ^HHaMH'iecxoH 
CHCTeMM  c  Mepoit,  HH^ypiipoBaHHoii  BepoHTHOCTHbiMH  pacnpe,a,ejieHHHMH  OT^ejiBHBix  cerMeHTOB.  AjiropiiTMbi 
Texymero  noBe^emra  ynacmnuKoe  onpe,a,ejiHK>TCH  Ha  ocHOBe  xoM6nnaH,HH  jioxajiBHBix  cerMeHTOB  w  =<  u,v  >, 
u  =  (p,  o,  e)  /  v  =  ( q,a,r );  napaMeTpi-i30BaHHBix  no  xpaTHOCTH  o^iraaxoBBix  onepaTopoB  nepexo^a  o,a  £  O, 
Pi  =  o(jp).  Oraicamie  coctohhiih  p  =  (c,  P /  +  / ,  P /  —  /)  £  P,  q=  (c,  Q /  +  / ,  Q /  —  /)  o6a>exTa  h  oxpyxceHira  bxjho- 
naeT  HenpepbiBHoe  nojioxeHiie  c,  peHTp  o6jiacTH  S0  C  R2 ,  h  HH^excBi  ,a,HCxpeTHBix  CBH3ei"i  P/o/ ,  P/  —  /,  P/  +  /. 

AocTaTOHHBie  ycjiOBHH  ycToiiHHBOCTH  B3aHMO^,eiicTBHH,  xax  OT,n,ejiBHBix  no,a,CHCTeM,  Tax  h  CHCTeM  Me>xyi,y 
co6oii  CHCTeM  uccjie^OBaHBi  b  TepMiiHax  OTHomemiH  nopa^xa  e  £  E,  r  £  R  rjisi  cjiynaa,  xor^a  sxcTpeMajiBHBie 
xpHTepHH  xanecTBa  ynacTHiixoB  ^onycxaxiT  corjiacoBaHiie,  a  orpaHiineHiiH  na  nocTynaiomi-iH  pecypc  iiHTerpajiB- 
HBie. 

IIpe^i,jio>xeHHaH  cjjopMajiiisapHH  npiiMeHeHa  pjisi  paspa6oTXH  nporpaMMHO-MaTeMaTiinecxoro  o6ecneneHHH 
MO,a,ejiHpyiomero  BapnaHTBi  npoxjia^xn  MapmpyTa  coBMecTHoro  ^,Bii>xeHHH  rpynnbi  xopa6jiei"i  b  pa3JiiiHHbix 
yCJIOBIIHX. 


Conditions  Sufficient  for  Interaction  of  Hierarchical  Systems 
to  be  Stable  under  Uncertainty 

Kruglikov  S.V. 

Institute  for  Mathematics  &  Mechanics,  Urals  Branch  of  Russian  Academy  of  Sciences 
Urals  State  Technical  University- UP  I,  Yekaterinburg,  Russia 

Conditions  for  interaction  of  a  couple  of  hierarchical  systems  to  be  stable  are  investigated  under  uncertainty. 
For  each  system  the  independent  feed-back  control  based  on  the  incomplete  information  is  formed  in  accordance 
with  the  separation  principle  for  the  a  priori  control  and  estimation  problems  in  guaranteed  statement.  The 
sufficient  conditions  of  interaction  stability  are  formulated  in  terms  of  quality  induces  and  the  structure  of 
available  information. 
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NONLINEAR  CONTROL 


O  OYHKIJHOHAJIAX  JlifflYHOBA  B  3A^AHAX  YIIPABJIEHM 
HEJIHHEHHbIMH  CHCTEMAMH  C  nOCJIE^EHCTBHEM 

JlyKOHHOB  H.KD. 

HHcmumym  MameMamuKU  u  MexanuKU  YpO  PAH,  EnamepunSyps,  Poccuh 

PaccMaTpi-iBaeTca  3a,n,aHa  06  ynpaBjieHini  /[hh aM h ' lec ko h  CHCTeMoit  b  ycjiOBiiax  HeKOHTpojuipyeMBix  noMex.  Abh- 
>KeHne  ciiCTeMBi  omiCBiBaeTCH  h e j i  h  h e h  h  hi  m h  ^iicJjcjDepeHpiiajiBHBiMH  ypaBHeminMi-i  c  nocjie^eiicTBiieM.  KauecTBO 
npopecca  ynpaBjieHiiH  opemiBaeTCH  3a^aHHBiM  noKa3aTejieM,  KOTophiii  npe^CTaBjiaeT  co6oi“i  (JjyHKpiiOHaji,  onpe- 
^.ejieHHBiii  na  TpaeKTopiiax  CiiCTeMBi  h  Ha  peajiH3an,HHx  ynpaBjieHira  h  noMexn.  MrHOBeHHBie  3HaueHHH  bo3- 
fleficTBHH  ynpaBjieHHH  h  noMexn  CTecHeHBi  reoMeTpiiuecKiiMH  orpaHiiueHHHMH  b  Bime  KOMnaKTHBix  MHOxcecTB 
COOTBGTCTByiOmi-IX  KOHeHHOMepHBIX  apH(J)MeTHHeCKHX  npOCTpaHCTB . 

OopMajiii3aH,HH  3a,a,aHH  omipaeTCH  Ha  (JjyHKpiiOHajiBHyio  TpaKTOBKy  ciictcm  c  nocne^eiiCTBiieM  [1]  h  npoBO- 
,h,htch  b  paMKax  TeopeTiiKO-iirpoBoro  ncypto^a  [2-4].  0/3,hhm  h3  ochobhbix  b  stom  no^xo^e  HBjraeTCH  noHjmie 
onTHMajiBHoro  rapaHTiipoBaHHoro  pe3yjiBTaTa  (OFP).  B  ,n,aHHOH  3a^,ane  BejiiiHima  OPP  npe^CTaBjiaeT  co6oi"i 
cjayHKpHOHaji,  onpe^,ejieHHBii“i  Ha  iiCTopnax  ^Bi-iHceHira.  Ecjih  stot  (fjyHKpHOHaji  o6jia^aeT  no^xo^i,Hiii,HMH  cboh- 
CTBaMH  rjia^KOCTii,  nanpiiMep,  jrajiaeTCH  KOHHBapiiaHTHO  rjia/paiM  [5],  onTHMajiBHyro  CTpaTen-no  ynpaBjieHira, 
o6ecneHHBaK>myro  pe3yjiBTaT,  ne  xygmini,  HeM  OPP,  mohcho  ctpoiitb  no  npaBi-uiy  SKCTpeMajiBHoro  c^,Biira  b 
HanpaBjieHiiii  ero  rpa^neHTa.  0^,HaKO  b  6ojiBiniiHCTBe  cjiyuaeB  BejiiiHima  OPP  He  HBjiaeTCH  rjia^,Koii.  FIosto- 
My  iicnojiB3yK)TCH  6ojiee  cjioxorBie  KOHCTpyKipn-i  SKCTpeMajiBHoro  c^Biira  hjih  npimejiHBaHHH  (cm.,  HanpiiMep, 

[2-4, 6,7]). 

B  3Toii  cbh3h  b  flOKjia^e  paccMaTpiiBaeTca  KOHCTpyKipia  nocTpoemiH  CTpaTerrai  ynpaBjieHHH  [7],  ocHOBaHHaa 
Ha  MeTO^e  SKCTpeMajiBHoro  c^Bi-ira  b  iianpaBjieHini  KOHHBapiiaHTHBix  rpa^iieHTOB  BcnoMoraTejiBHBix  (J>yHKH,HO- 
HajiOB  Tuna  JlanyHOBa.  YnoMHHyTBiH  MeTO,n,  npe^CTaBjiaeT  co6oii  o6o6m,eHHe  Ha  cjiynaii  cucTeM  c  nocjiefleiicTBH- 
eM  MeTO^a  [6]  npiipejiiiBaHiiH  b  HanpaBjieHiiii  KBasurpa^neHTa  <J)yHKH,HH  peHBi.  PIpiibo^htch  h  o6cy3K,n,aiOTCJi 
ycjiOBHH  p,jis  ciiCTeMBi  h  cjayHKpHOHajia  JInnyHOBa,  npn  kotopbix  p acc Maip h BaeM bi m  cnoco6  (fjopMupoBamisi 
ynpaBjunomiix  B03^eiicTBHH  pemaeT  sa^auy  06  ynpaBjieHiiii  c  onTHMajiBHBiM  rapaHTi-ipoBaHHBiM  pe3yjiBTaTOM. 

PaboTa  BBinojiHeHa  npn  cjuiHaHCOBOH  no,zmep:/KKe  OoH^a  co^,ei"iCTBHH  OTenecTBeHHoii  nayice,  rpaHTa  IIpe3ii- 
^eHTa  Pocchiickoh  Oe^epaprai  MA-6133. 2006.1  h  Pocci-n“iCKoro  cjaoH^a  cJayH^aMeHTajiBHBix  nccjie,n,OBaHHH  (rpaHT 
W  06-01-00436). 

JlHTepaTypa 

[1]  KpacoBCKHH  H.H.  HeKOTopbie  salami  Teopim  ycTOHHiiBOCTH  flBioKeHHH.  M.:  ®H3MaTTH3,  1959. 

[2]  KpacoBCKiiii  H.H.,  Cy66oTHH  A.H.  no3Hii;iiOHHbie  ,n;ii4>4)epeHii,Ha.nbHbie  nrpbi.  M.:  HayKa,  1974. 

[3]  OcimoB  K).C.  AH4><i)ePeHD,Ha'nfcHI>ie  nrphi  cucTeM  c  nocjiefleitcTBiieM//  A0KJiaflbI  AH  CCCP,  1971.  T.196.  Na4.  C.  779- 
782. 

[4]  KpacoBCKiiii  H.H.  ynpaBjiemie  jyiHaMiiHecKoii  ciiCTeMoii.  3aflana  o  MiimiMyMe  rapaHTiipoBaHHoro  pe3yjiBTaTa.  M.: 
Hayxa,  1985. 

[5]  Kim  A.V.  Functional  Differential  Equations.  Application  of  i-Smooth  Calculus.  Dordrecht:  Kluwer,  1999. 

[6]  FapHbimeBa  r.F.,  Cy66oTiiH  A.H.  CTpaTenm  MiimiMaKCHoro  npupejiuBaHHa  b  HanpaBjieHnn  KBa3irrpaflneHTa//  npn- 
Kjiafluaa  MaTeMaraKa  h  MexamiKa,  1994.  T.58.  Bbin.4.  C.  5-11. 

[7]  JlyKOSHOB  H.K).  CTpaTernu  npiipejniBaHiia  b  HanpaBjieHiiii  HHBapiiaHTHbix  rpa^neHTOB//  npHKaaflHaa  MaTeMaraKa 
h  MexaHiiKa,  2004.  T.68.  Bbin.4.  C.  629-643. 


On  Lyapunov  Functionals  in  Control  Problems  of  Nonlinear 
Systems  with  Aftereffect 
Lukoyanov  N.Yu. 

Institute  of  Mathematics  and  Mechanics,  Ural  Branch  of  RAS,  Ekaterinburg,  Russia 

For  problems  of  control  of  nonlinear  dynamical  systems  with  aftereffect  under  conditions  of  disturbances,  a 
control  strategy  constructed  on  the  basis  of  extremal  shift  in  direction  of  co-invariant  gradients  of  auxiliary 
functionals  of  Lyapunov  type  is  considered.  Conditions  are  given  for  the  system  and  Lyapunov  functional  under 
which  the  considered  strategy  solves  the  problem  of  control  with  optimal  guaranteed  result. 
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AHHAMHHECKA5I  HAEHTMHKAIJM  yilPABJIEHHH 

b  ypABHEHnn  ®A30Boro  nojia 

MaKCHMOB  B.n. 

Hncmumyrn  MameMamuKU  u  MexanuKU  YpO  PAH,  EKamepunUypz,  Poccuh 

PaccMaTpi-iBaeTca  3a^,aua  ycToimiiBoro  .nyiHaMiiuecxoro  BOCCTaHOBaemia  Heii3BecTHBix  xapaxTepiiCTiix  Heai-men- 
hoi“i  pacnpe,a,ejieHHoii  cncTeMBi,  omicbiBaeMoii  v p a b h e h n a m h  c(>a30Boro  noaa,  BBe^eHHBiMii  b  1986  ro,a,y  b  pa6oTe 
[Caginalp  G.  Arch.  Rat.  Mech.  Analysis.  1986.  V.  92.  P.  205-245]  ii  HMeioiipiMH  bh^ 

8i(t,  rj)  +  ^  =  A ip(t,  y)  +  u(t,  y),  (t,y)  G  Q  =  T  x  fi,  T[0,i?], 

diPQj.  ^  =  A<p(i,  y)  +  g(<p(t,  y)), 

d  d 

—ip(t,a)  =  —tp(t,a)  =  0,  (t,  a)  G  T  x  T, 

ip{0,y)  =ipo(rj),  ip{0,y)  =  ip0(y),  y  G  O. 

3,a,ecb  O  C  Rn  (n  =  2,3)  —  o6jiacTb  c  .gocTaTOHHO  raa^xoii  rpaHupen,  g(<p(t,  rj))  =  aft,  rj)<p(t,  rj)+b(t,  y)ip2(t,  rj)  — 
c(ij)yA(t,rj)  +  rp(t,y),  A  -  onepaTop  JIanaaca,  rj){t,rj)  omicbiBaeT  TeMnepaTypy  cpe^Bi,  ip(t,rj)  xapaxTepioy- 
eT  pasjiH'ine  Mex^y  TBep^oii  h  skh^koh  no,a,o6aacTJiMH  Q,,  l  >  0  —  KOHCTaHTa,  a{t,rj),  b{t,ij)  G  L^jT  x  Q)  h 
c(rj)  G  Loo  —  3a^aHHBie  (JjyHKHHH,  c(rj)  >  c  >  0  npii  n.B.  G  12,  ipoirj)  h  <po(v)  —  nauaabHbie  coctohhhh.  B  otjih- 
mie  ot  KjiacciinecKoii  3a,a,aHH  CTe<f>aHa,  xoTopaa  MO^,eaiipyeT  aerxo  obHapyaciiBaeMoe  ueTxoe  B3aiiMO^eiicTBiie 
TBep^oii  h  acimxoii  (}>a3,  ypaBHemia  cjraaoBoro  noaa  npHMCHHMhi  ^jia  pacnabiBuaToii,  Kameo6pa3HOi"i  o6aacTH. 
B  nocae^mie  to^bi  3tii  ypaBHemia  c h c rre m arr h ' i ec k h  H3yuaaHCb.  Bbian  ,a,oxa3aHbi  TeopeMbi  cymecTBOBaHiia  h 
e^HHCTBeHHOCTii  xaaccH'iecxHx  h  o6o6m,eHHbix  pernem-iii,  npiiBe^eHbi  ,a,ocTaTOHHbie  ycaoBiia  hx  peryjiapHOCTi-i, 
paccMOTpeHbi  MeTO^bi  micaeHHoro  pemeHiia,  uccae^OBaHbi  3a^ami  onTiiMaabHoro  nporpaMMHoro  ynpaBaemia 
h  B  to  ace  BpeMa  3a^,am-i  pexoHCTpyxpmi  (Ha3biBaeMbie  Taxace  o6paTHbiMi-i  sa^auaMH  .zpiHaMHXH  hjih  3a- 
flaaaMH  H^eHTiicjaiKapi-iii)  fljia  ypaBHemiH  (}>a30Boro  noaa  npaxTHuecxn  He  paccMaTpiiBaaiicb.  Ifean  /jaHHoro 
coo6m,eHHH  3aKaiOHaeTca  b  onncaHHH  ycTonm-iBbix  aaropiiTMOB  pemeHiia  no,a,o6Hbix  3a^,aa  ,n,aa  yxa3aHHbix  ypaB- 
HeHiiii.  IlpeflaaraeMbie  aaropiiTMbi  ocHOBbiBaiOTca  na  xoHCTpyxnyiJix  annapaTa  .ayiHaMiiuecxoro  o6paiii,eHHH  h 
pa3pa6oTaHHOM  b  paMxax  Teopini  ho3hh,hohhbix  ^iKjxJjepeHpHaabHbix  iirp  MeTO^e  sxcTpeMaabHoro  c^,Biira. 

Co^epacaTeabHO  cyTb  o,h,hoh  H3  paccMaTpiiBaeMbix  3a^,aa  coctoht  b  cae,ayioiii,eM.  Ha  cucTeMy  .geiicTBy- 
eT  HeHa6aio,n,aeMoe  ynpaBaemie  u  =  «*(•).  A1'!8111813011  AonycTiiMbix  ynpaBaemiii  .apcTaTOHHO  Beaux  h  omi- 
caH  3apaHee.  (Bya,eM  npe^noaaraTb,  hto  MHoacecTBO  ^onycTiiMbix  ynpaBaem-iii  HMeeT  Biifl:  P(-)  =  {«(•)  G 
L2(T\  H) :  u(t)  G  P  npn  n.B.  t  G  [0,1?]},  r^e  P  C  H  —  3a^,aHHoe  Bbinyxaoe,  orpaHiiaeHHoe  h  3aMXHyToe  MHoace- 
ctbo.)  B  ^.HCxpeTHbie  ^ocTaTOHHO  aacTbie  MOMeHTbi  BpeMemi  n  G  A  =  {r,;}}L0  (to  =  0,  rm  =  9,  t*+i  =  Ti  +  5) 
npn6aHaceHHO  H3MepaeTca  aacTb  <})a30Boro  cocToaHiia  cucTeMbi  {ip^Ti),  rp( Tt )}.  Pe3yabTaTbi  H3MepeHHft  -  cjryHx- 
h,hh  <(,:  =  £i(y)  G  L2{H)  —  ya,OBaeTBopaiOT  nepaBeHCTBaM  |^?(rj)  —  G | h  <  h.  Tpe6yeTca  yxa3aTb  aaropiiTM,  no3- 
Boaaromiiii  «ciiHxpoHHO»  c  pa3BHTiieM  npopecca  ocymecTBaaTb  npii6aHaceHHoe  BOCCTaHOBaemie  Heii3BecTHOH 
xoop^HHaTbi  ij){-),  a  Taxace  Heii3BecTHoro  Bxo^a  u  =  u*(-). 

Pa6oTa  BbinoaHeHa  npn  cjriiHaHCOBoii  no,zpi,epacxe  POOH  (xo^i,  npoexTa  07-01-00008)  h  nporpaMMbi  nofl- 
^.epacxH  cjryH^aMeHTaabHbix  iiccae^OBaHiiii  npe3H^HyMa  PAH  A2  15  «MaTeMaTi-iHecxi-ie  MeTO^bi  b  HeaiiHeiiHoii 
flHHaMHxe». 

Dynamic  Identification  of  Controls  in  the  Phase  Field  Equation 

Maksimov  V.I. 

Institute  of  Mathematics  and  Mechanics,  Ural  Branch  of  RAS,  Ekaterinburg,  Russia 

A  problem  of  stable  dynamical  rebuilding  of  unknown  characteristics  of  a  nonlinear  distributed  system  described 
by  the  phase  field  equations  is  considered. 
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NONLINEAR  CONTROL 


OB  OIITHMAJIbHblX  IIO  yCTOHHHBOCTH  3AKOHAX 
yilPABJIEHM  HEJIHHEHHblMH  AHHAMHHECKHMH  chctemamh 

MacHHa  O.H. 

EjieVjKuu  gocydapcmeemtuu  ynueepcumem  um.  M.  A.  Bynuna,  Poccuh 

PaccMOTpHM  ynpaBjiaeMyio  ^HHaMH^ecKyio  cnereMy  <  X,T,  (p,U  >,  ^BH^Kemie  KOTopoii  onncbiBaeTCH 
peHu;najiBHbiM  ypaBHeHneM 

nor 

—  =  g(x,u),u  G  U, 
at 

rpfi  u  G  U  -  ,n,onycTiiMbii"i  3aKOii  ynpaBjiemia.  lIpocTpaHCTBO  bbixo,h,hbix  curHajiOB  6yn,eM  OTO>K,ii,ecTBjiHTB  c 
npocTpaHCTBOM  coctohhiih.  Ka>K,a,OMy  KOHKpeTHOMy  BBi6opy  3aKOHa  ynpaBjiemia  6ya,eT  OTBenaTB  CTanyiOHapHaa 
/p-iHaMH'iecKai-r  cncTeMa  <  X,T,ipu  >,  pjisi  KOTopoii  ipu(t,x)  =  (p[t,x,u\. 

TeopeMa.  Llycmv  d.tiA  Kycouno-ZAadKou  cmayuouapnou  ynpae.tweMOu  cucmeMU  <  X,  T,  ip,  U  >  eunoAHenu 
ycAoeuH : 

1)  cyupecmeyem  paciu,enAAWiu,uu  ynpae.afie,uym  cucmeMy  zo.HeoMopf)U3M  7  :  X  — >  X+  ©  X~  maKOu,  umo  co- 
cmosmue  paenoeecuA  Xq  coenadaem  c  nauaAOM  Koopdimam  npocmpancmea  X+  ©  X~\ 

2)  npu  omcymcmeuu  ynpae.aenufi  Haua.ao  Koopdunam  nopootcdermou  zoMeo.Hopf)U3MOM  7  nodcucmeMU 
<  X^1  ,T,  ip-1  ,U  >  acuMnuiomunecKu  ycmouuueo  e  yeAOM  u  ycmouuueo  orrmocumeAbHO  mcuiux  u,3MeH,eHuu 
npaeou  uacmw, 

3)  3aKOH  ynpaeAenuA 

u+  :  X+  ->  X,u+(x+)  ::=  m[7_1(x+)] 

A8AAemcA  onmuMaA'bH'biM  no  ycmouuueocmu  Oam  nodcucmeMU  <  X+ ,  T,  ip+ ,  U  >  npu  ecex  x+  G  X+\ 

4)  onmuMaAbnuu  no  ycmouuueocmu  3cikoh  ynpaeAenun  u+  au6o  cmpe.uumcA  k  ny.aw  eMecme  c  Hop.uou  ||a;+||, 
au6o  npueodum  cocmomue  x+  od.aacmu  ynpaeAAeMocmu  neycmouuueou  nodcucme.M,u  k  ny./iw  e  meuenue  npo- 
MeotcymKa  epanenu,  nocxie  uezo  odpavpaemcA  e  nyAb. 

Tozda  3a,KOH  ynpaeAenuA  u  G  U  AeAAemcA  onmuMaAbnuM  no  ycmouuueocmu  omnocumeAbHO  cocmomuA 
paeuoeecuA  Xq  G  X . 

B  HacTOHipeM  coodmemni  ,n,aHO  .gajiBHei'nnee  pa3BHTiie  pe3yju>TaTOB  pa6oTBi  [1] . 

JlHTepaTypa 

[1]  MacHHa  O.  H.  K  3a,a,aue  o6ecneaeHna  ycTOHuiiBOcra  ynpaBjiaeMoii  CHCTeMBi  //  KaaecTBeHHoe  n  ancjieHHoe  uccjieflo- 
BaHiie  MaTeMaTiiaecKHx  MOfleaefi  flimaMiraecKiix  cacTeM.  M.:  PrOTYIlC,  2006.  C.  95-97. 


On  the  Optimum  on  Stability  Laws  of  Control  of  Nonlinear  Dynamic  Systems 

Masina  O.N. 

Eletsk  State  University  named  after  I. A.  Bunin,  Russia 

In  the  present  work,  with  the  help  of  splitting  homeomorphisms  notion  and  methods  of  system  analysis,  the 
optimum  on  stability  laws  of  control  of  nonlinear  dynamic  systems  are  found. 
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IIOCTPOEHHE  yPABHEHHH  flHHAMHKH  HEJIHHEHHblX 

CB5I3AHHbIX  CHCTEM 

MyxapjiHMOB  P.T. 

Poccuuckuu  ynueepcumem  dpyafc6u  napodoe,  MocKea,  Poccuh 

Pernem-ie  3a,n,aH  ,n,HHaMHKH  h  ynpaBjieHiisi  CHCTeMaMH  pasjiiiHHOii  (J>ii3iiHecKOii  npiipo,a,bi  cbo,h,htch  k  nocTpoemiio 
ciiCTeM  o6biKHOBeHHBix  ^HcJjcjDepeHpiiajiBHBix  ypaBHeHiiii  OTHOCiiTejiBHO  nepeMeHHBix,  KOTopbie  ynpBjieTBopH- 
iot  3a^aHHBiM  ypaBHeHiiHM  CBH3eii.  Henocpe^CTBeimoe  iicnojiB30BaHiie  stoii  CHCTeMM,  nocTpoeHHoii  na  ocHOBe 
npirapimoB  KjiaccHHecKoft  ^imaMi-iKii,  pjm  uncjieHHoro  MO^ejnipoBaHiiH  npuBcytH'r  k  HeycToftuHBMM  pa3HOCTHBiM 
cxeMaM  pemeHHH.  CTafwjniaanm-r  CBH3ei“i  o6ecneHHBaeTCH,  ecjin  npii  cocTaBjieriini  ^ncjDcjDepeHpiiajiBHBix  ypaB¬ 
HeHiiii  flHHaMHKB  yuiiTBiBaTB  B03MO>KHBie  OTKjiOHeHiin  ot  ypaBHeHiiii  CBH3eii.  06m,aji  CTpyKTypa  cooTBeTCTBy- 
K)hi,hx  ^i-KjwJjepeHpiiajiBHBix  ypaBHeHiiii  onpe^ejiaeTCJi  H3  mhoikcctb a  CiiCTeM  ^iicjDcjDepeHpHajiBHBix  ypaBHeHiiii, 
nepBBie  hjih  uacTHBie  iiHTerpajiBi  KOTopuix  H3BecTHBi  3apaHee.  IIpaBBie  uacTii  hckomoh  cucTeMBi  ^HtJxJiepeH- 
pnajiBHBix  ypaBHeHiiii  co^epxaT  npoii3BOJiBHBie  <J>yHKH,HH,  bbi6opom  KOTopuix  mojkho  ynpaBjiHTB  ^BiiiKeHiieM 
no  MHoroo6pa3iiio,  cooTBeTCTByiomeMy  ypaBHeHHHM  CBH3eii,  h  b  ero  OKpecTHOCTii.  9to  no3BOJineT  o6ecneHiiTB 
ycToiiHiiBOCTB  MHoroo6pa3iiH,  pacnpe^,ejieHiie  ceMeiicTBa  TpaeKTopnii  b  ^aHHoii  o6jiacTH,  Heo6xo^,iiMyio  toh- 
hoctb  BBinojiHeHiiH  ypaBHeHiiii  CBH3eii  npii  uiicjieHHOM  pemeHHH  h  ^.pyriie  CBoiicTBa  pemeHiiii  cucTeMBi. 

H3  MHOJKecTBa  ciiCTeM  ^ii4)4)epeHii,iiajiBHBix  ypaBHeHiiii,  cooTBeTCTByiomero  3a,n,aHHOH  coBOKynHOCTii  iiHTe- 
rpajiOB,  mo)kho  BBi^ejiiiTB  CHCTeMM,  o6jia^aiOHi,He  ^onojiHHTejiBHBiMii  CBoiicTBaMii.  Tan,  coBpeMeHHBie  o6paT- 
HBie  3a^aHii  /(HHaMHKH  npe^ycMaTpiiBaiOT  nocTpoeiine  cucTeMBi  ^iicjxjiepeHpiiajiBHBix  ypaBHeHiiii  onpe^ejieHHoii 
CTpyKTypBi,  no  KOTopoii  ycTaHaBjiiiBaeTCH  BBipaxteiine  <f>yHKu,iiOHana,  npiiHiiMaiomero  CTauyiOHapHoe  3HaneHne 
Ha  ee  pemeHiinx.  B  cnjiy  H3BecTHBix  ^iiHaMiinecKiix  aHajiomii  yKa3aHHBiMii  CBoiicTBaMii  MoryT  o6jia^,aTB  h 
.npyrne  cucTeMBi  pa3JiiiHHoii  <J)H3HnecKoii  npupo^Bi. 

B  ^.OKjia^e  H3JiaraeTCH  MeTO^i,  pemeHiin  salami  cocTaBjiemisi  ypaBHeHiiii  /p-maMinai  Tpe6yeMoii  CTpyKTypBi, 
^onycKaiomiix  3a^aHHBie  iiHTerpajiBi.  Onpe^ejunoTCH  ycjiOBiisi,  ^onycKaiomne  nocTpoeiine  ^iicjxjiepeHpiiajiBHBix 
ypaBHeHiiii  b  cjiopMe  ypaBHeHiiii  JlarpaHxta  h  o6ecneuiiBaiOHi,He  CTa6HjiH3an,Hio  CBH3eii.  PaccMaTpimaiOTCH  Hexo- 
Topbie  npiiKjia^HBie  salami. 

PaboTa  BBinojiHeHa  npii  cjumaHCOBOii  no,zmep:/KKe  PoccuiicKoro  (JjOH^a  cjiyH^aMeHTajiBHBix  uccjie^OBaHiiii, 
koa  06-01-00664. 


The  Construction  of  Dynamical  Equations  of  Nonlinear 
Constrained  Systems 
Muharliamov  R.G. 

Peoples  Friendship  University  of  Russia,  Moscow,  Russia 

The  design  method  of  the  constrained  mechanical  systems  dynamical  equations  is  proposed.  The  stability  of 
programmed  manifold  is  obtained  by  construction  of  the  corresponding  constraint  perturbation  equations.  The 
dynamical  equations  of  a  system  with  programmed  constraints  are  set  up  in  the  form  of  Lagrange’s  equations  in 
generalized  coordinates.  For  the  solution  of  these  problems,  the  method  of  construction  of  differential  equations 
by  set  integrals  is  used.  Some  applied  problems  are  considered. 

The  work  was  supported  by  the  Russian  Foundation  for  Basic  Research,  project  06-01-00664. 
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PACIHHPEHHE  HCCJIEAOBAHHH  A.M.  JianYHOBA  HA  nPOEJIEMY 
nAPAMETPHHECKOH  YCTOHHHBOCTH 

OpjiOB  B.B.,  neTpoB  KD.n. 

CaHKm-nemepSypzcKuu  socydapcmeennuu  ynueepcumem,  Poccusi 

KjiacciiHecKiie  pe3yjiBTaTBi  uccjie^OBaHiiii  A.M.  JInnyHOBa  h  ero  nocjie^OBaTejieii  ([1],  [2]  h  ,np.)  othochtch  k 
cucTeMaM  ^iicjDcjDepeHpiiajiBHBix  ypaBHeHiiii  c  h e h 3 m e h h hi m h  ko 3 <}) cj j h n h e h rra m h .  0^,HaKO  y  6ojihniiiHCTBa  o6t>- 
eKTOB  (})H3hkh  h  TexHiiKii  hx  napaMeTpni  —  a,  3HaHiiT,  h  K03(J)4)im,iieHThi  hx  MaTeMaTHHecKHx  MO^ejieii  -  ne 
OCTaiOTCH  H^eajIBHO  nOCTOHHHBIMII  H  MOryT  OTKJIOHHTBCH  OT  paCHeTHBIX  3HaueHHH. 

IloaTOMy  (b  nocjie^Hee  BpeMJi)  Bee  6ojihmee  BHiiMaHiie  y^ejiaeTCH  iiccjie^OBaHiiio  cucTeM,  coxpaHsnomux 
ycTOHHiiBOCTh  npn  MajiBix  OTKjiOHemiHx  K03(^xJ)iiij,iieHT0B  h  napaMeTpoB  ot  pacneTHhix  SHaaemiH.  Taxiie  cucTe- 
mbi  b  nocjie^Hi-ie  to^bi  Ha3BiBaiOT  «cncTeMaMii,  napaMeTpuuecKH  y  cto  ii T  hi  b  bi m h » . 

Bo3HiiKaeT  BaxcHhiii  Bonpoc:  ecjni  p,jisi  HeKOTopoii  ciiCTeMBi  nocTpoeHa  cjjyHKpiiH  JInnyHOBa,  npoii3BO^HaH 
KOTopoii  «b  ciijiy  cncTeMBi»  onpe^ejieHHO  OTpupaTejiBHa,  h  ciiCTeMa  nosTOMy  6e3ycjiOBHO  ycTOHuiiBa,  to  co- 
xpaHHT  jin  OHa  ycTOHHiiBOCTh,  xoth  6bi  npi-i  ckojib  yro^HO  MajiBix  (h,  3HauiiT,  coBepmeHHO  Heii36e>KHhix  na 
npaKTi-iKo)  OTKjiOHeroiHx  K03(J)cjDim,i'ieHTOB  h  napaMeTpoB  ot  pacueTHBix  SHa'ieHiiii? 

K  co»cajieHiiio,  otbct  Ha  stot  Bonpoc  —  paHee  paccMOTpeHHBiii  b  [3],  [4]  —  OTpiipaTejieH.  Bbijiii  npiiBe^e- 
hbi  npiiMephi  cucTeM  ^iicjDcjjepeHpiiajihHhix  ypaBHemiii  (He  b  HopMajiBHoii  cjxipMe),  rjik  kotopbix  cyipecTByeT 
cjjyHKHjiH  .HanyHOBa  h  KOTophie  ,TeM  He  MeHee,  TepaiOT  ycTOiiuiiBOCTB  npn  CKOJiB-yro^HO  MajiBix  OTKjiOHemisix 
K03(^K^>iiu,iieHT0B  CiiCTeMBi  Hjiii  napaMeTpoB  iiccjie^yeMoro  o6T>eKTa  ot  pacueTHBix  3HaueHnii. 

9tot  pe3yjiBTaT  HMeeT  cymecTBeHHoe  npaKTiiuecKoe  SHa'ieHiie,  nocKOjihKy  CiiCTeMa  ycTOiiuiiBaji,  ho  He  napa- 
MeTpHHecKH  ycTOiiHiiBaji  h  cnoco6Haa  TepsiTB  ycTOiiuiiBOCTB  npn  ckojib  yro^HO  MajiBix,  Heii36e>KHBix  Ha  npax- 
TiiKe,  BapwanHHx  napaMeTpoB,  miuyTB  He  jiyume  CiiCTeMBi  HeycTOiiniiBOH  h  .gance  onacHee  ee  (cm.  [4]). 
bo3mo>khocth  npaKTHHecKoro  npHMeHeHHH  pe3yjiBTaTOB  A.M.  JInnyHOBa  h  ero  nocjiegOBaTejieii  nocTpoeHira 
<J>yHKH,HH  .HanyHOBa  negocTaTOUHO.  Ee  nocTpoeHiie  gojinmo  6bitb  gonojmeHO  aHajni30M  npeo6pa30BaHHii  iic- 
xogHoii  ciiCTeMBi  k  HopMajiBHoii  cjjopMe,  k  cucTeMe  n  ypaBHeHiiii  nepBoro  nopngKa.  Ecjiii  3tii  npeo6pa30BaHi«i 
3KBIIBajieHTHBI  He  TOJIBKO  B  KJiaCCHHeCKOM  ,  HO  H  B  paCHHipeHHOM  CMBICJie  (nOHHTIie,  BBe^,eiIHOe  B  [3],  [4]),  H 
He  H3MeHHiOT  KoppeKTHOCTii  pemaeMoii  3agaun,  to  cymecTBOBaHiie  cJiyHKHHH  JIjinyHOBa  rapaHTiipyeT  He  tojib- 
ko  ycTOHHHBOCTB,  ho  h  napaMeTpiiHecKyio  ycToii'uiBOCTB.  B  npoTHBHOM  cjiyuae  —  HHKaKoft  rapaHTHH  napa- 
MeTpH'iecKOH  ycTOHHHBOCTii  HeT,  cymecTBOBaHiie  (JiyHKHHH  A.M.  JlunyHOBa  Hiiuero  npaKTiiuecKoro  He  gaeT,  ii 
npaKTiinecKoro  CMBicjia  He  HMeeT. 
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The  Extension  of  A.M.  Lyapunov  Investigations  on  a  Parametric  Stability 

Orlov  V.B.,  Petrov  Yu.P. 

Saint  Petersburg  State  University,  Russia 

It  is  shown  that  real  functions  of  Lyapunov  in  an  examined  system  do  not  guarantee  their  parametric  stability. 
That  is  —  it  does  not  guarantee  that  stability  will  not  be  lost  while  there  are  infinitely  small  values  and  inevitable 
(in  practice)  deviations  of  real  values  in  parameters  from  computed  enter.  In  order  that  parametric  stability  be 
guaranteed  it  is  necessary  to  make  an  analysis  of  equivalent  transformations  that  have  turned  the  initial  system 
to  a  normal  form. 
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AJiroPHTMbi  nocTPOEHH5i  nporPAMMHoro  h  no3Hu;HOHHoro 
PEIHEHHH  J1HHEHHO-KBAAPATHHHOH  3AAAHH 
OnTHMAJlbHOrO  ynPABJTEHHM 

IlaBJieHOK  H.C. 

BejiopyccKuu  socydapcmeemiuu  ynueepcumem,  Muhck 

Hccjie^yeTca  jiHHei"mo-KBa,iipaTHHHa5i  3a,n,aHa  onTiiMajiBHoro  ynpaBjieHiisi  (OY)  c  reoMeTpiinecKHMii  orpaHiine- 
hhhmh  Ha  ynpaBjunomiie  B03^eiicTBHH.  IlycTB  T  =  [0,  t*] ,  0  <t*<  +oo,  —  npoMexyTOK  ynpaBjieHira.  OyHKpuio 
u(t),  t  €  T,  Ha30BeM  a)  ducKperrmou  (c  nepiiqnpM  KBaHTOBaHiia  h,  h  =  t*/N,  N  -  HaTypajiBHoe  hiicjio),  ecjin 
u(t)  =  u(t),  t  £  [r,  T+h],  t  £  Th  =  {0,  h, ...,  t*  —  h}\  6)  ducKperrmo-ocodou,  ecjin  OHa  1)  ^iiCKpeTHa  Ha  Heoco6bix 
ynacTKax  h  HenpepbiBHa  Ha  oco6bix  ynacTKax;  2)  rpaHHpaMH  oco6bix  ynacTKOB  hbjijhotch  momchtbi  t  £  Th. 

IIoBe/teHHe  CHCTeMBi  o i irr h m  H3  npyeTCH  b  Kjiacce  oi  paHH'ieHHBix  /piCKpeTHO-ocobnix  ynpaBjunomiix  B03,n,eH- 
ctbiih  no  BBinyKjiOMy  KBa/ipaTHHHOMy  cJ>yHKij,HOHajiy,  onpe^ejieHHOMy  na  coctohhiihx  CHCTeMBi: 

rt * 

a0  =  min  /  dixf(t)dt,  x  =  Ax  +  bu,  a:(0)  =  Xo,  |u(t)|  <  1,  t  £  T, 

Jo  ^i=1 

r^e  x  =  x{i)  —  n~BeKTop  coctohhiih  CHCTeMBi  ynpaBjieHiisi  b  momcht  i;  Xo  £  Rn  —  3a,a,aHHoe  HanajiBHoe 
cocTOHHHe  CHCTeMBi  ynpaBjieHiisi;  u  =  u[t)  —  3HaneHiie  CKajiapHoro  ynpaBjunomero  B03,n,eHCTBH5i;  A  —  n  x  n- 
MaTpupa,  b  —  n-BeKTop;  di  £  R,  di  >  0,  i  =  1,  k,  1  <  k  <  n. 

BbO^HTCH  nOHHTHH  OnTHMajIBHOH  npOTpaMMBI  H  OnTHMajIBHOH  o6paTHOII  CBH3II  (OOC).  IloCKOJIBKy  nocTpo- 
emie  OOC  b  hbhoh  cjropMe  (pemeHiie  npo6jieMBi  ciiHTe3a  onTHMajiBHoii  CHCTeMBi  b  KjiacciiHecKoii  nocTaHOBKe) 
b  ^aHHOM  cjiynae  npe^CTaBjiaeT  npe3BBinaHHO  cjiosKHyio  3a,n,aHy,  to  bbo,hhtch  noHsmie  peajiu3av,uu  OOC,  opu- 
eHTi-ipoBaHHoe  Ha  BBiniicjieHHe  TeKynpiix  3HaneHiiH  OOC  b  peajiBHOM  BpeMemi  no  xo,ny  KasK^oro  KOHKpeTHoro 
npopecca  ynpaBjieHiisi. 

CTaBHTCH  3a,a,aHa  nocTpoiiTB  ajiropiiTM  pa6oTBi  onmuMajivnozo  pezy.asimopa,  ocymecTBjiaiomero  OY  cjrii- 
3H'iecKOH  CHCTeMofi  b  peajiBHOM  BpeMeHii.  A113  stoto  ncxo^Haa  jiiiHeiiHO-KBa^paTiinHaH  3a^,ana  OY  annpoK- 
CHMHpyeTCH  KycoHHO-jiiiHeHHOH  3a^,aHeii  OY,  KOTopaa  pemaeTCH  mcto^om  nocjie^OBaTejiBHBix  jiHHeapH3aii,HH. 
AHajiomiHHO  [1],  .zyisi  nojiynaeMBix  jiHHeiiHBix  3a^,an  co  cneipi  (Jinnee  khmh  npoMesKyTonHBiMii  cJ)a30BBiMH  orpam-i- 
neHHHMii  pa3pa6oTaH  6bictpbii"i  ^BOHCTBeHHBiii  ajiropiiTM  BBinucjieHiisi  onTiiMajiBHBix  nporpaMM.  B  3aBHCHMOCTH 
ot  pe3yjiBTaTa  pemeHiia  KyconHO-jiiiHeimoH  3a^,ann  CTpoiiTCH  (c  noMOin,Bio  npope^ypni  ^obo^kh)  onTiiMajiBHoe 
pejieimoe  ynpaBjiHioipee  B03,n,eHCTBHe  ,h,jisi  ncxogHoii  3agann  hjih  nponsBOgiiTCsi  Bpe3Ka  oco6oro  ynacTKa.  npefl- 
jionceH  cneH,najiBHBiH  TecT  Ha  HajiHnne  penciiMa  Oyjuiepa.  ripii  OTcyTCTBiiii  nocjie^Hero  ctpohtch  onTiiMajiBHoe 
pejiei"iHO-oco6oe  ynpaBjiaiomee  B03^,eiicTBHe.  Kanc^aa  npope^ypa  6a3iipyeTCH  na  MeTO^e  HniOTOHa  pememia 
He  JiHHeiiHBix  ypaBHeHiiii.  Aajiee  Ha  6a3e  pe3yjiBTaTOB  no  nporpaMMHBiM  pemeHiiHM  ctpohtch  MeTOfl  OY  b  pe¬ 
ajiBHOM  BpeMeHii.  IIojiyneHHBie  pe3yjiBTaTBi  munocTpiipyiOTCH  Ha  npiiMepax,  nacTimHO  paccMOTpeHHBix  b  [2,3]. 
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Construction  of  Algorithms  for  Program  and  Positional  Solutions  of  a 
Linear-quadratic  Optimal  Control  Problem 
Pavlenok  N.S. 

Belorussian  State  University 

A  linear-quadratic  optimal  control  problem  with  geometric  constraints  on  the  control  actions  is  studied.  Notions 
of  optimal  program  and  optimal  feedback  are  introduced.  An  algorithm  of  an  optimal  regulator,  carrying  out 
the  real  time  optimal  control  of  a  physical  system  is  built. 
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NONLINEAR  CONTROL 


3AAAHH  POEACTHOH  CTAEHJIH3AD;nH  H  CPABHEHHE 
CO  CTOXACTHHECKOH  <E>YHKIJHEH  JI5HIYHOBA 

riaKuiHH  n.B. 

Ap3aMaccKuu  noAumexHUHecnuu  uncmumyrn  (cfjujiuaji)  HuotcezopodcKozo 
zocydapcmeeHHOso  mexmiuecKozo  ynueepcumema,  Poccuh 

B  ,n,aHHoii  pa6oTe  pjisi  Kjiacca  3a,n,aH  po6acTHOi"i  ycToimHBOCTH  h  CTafmjmaanHH  pa3BiiBaeTCH  noflxo,n,  [1],  oc- 
HOBaHHbiii  Ha  cpaBHeHim  co  CTOxacTiinecKoil  (JiyHKHHeH  JlnnyHOBa.  IlycTb  mhohccctbo  ,a,eTepMiiHiipoBaHHbix 
HejiiiHeiiHbix  criCTeM  c  Heonpe1n,ejieHHbiMii  napaMeTpaMH,  onncbiBaeTcn  ypaBHeHHHMi-i 

xt  =  fi(xt)  +  Gi(xt)ut  +  ££1  cri(t)(fu(xt)  +  Gu(xt)ut),  (1) 

zt  =  Ci(xt),  t>t0,  i= 

rpe  ai(t ),  t  >  0,  l  =  1, . . . ,  N  —  Heonpe,n,ejieHHbie  napaMeTpbi,  ocTajibHbie  o6o3HaneHHH  CTaH,n,apTHbie.  PaccMOT- 
priM  cjie^yiom,yio  3a,a,aHy  po6acmnou  odHoepeMermou  cma6u.nu3av1uu:  Hail™  ynpaBjieHiie  c  o6paTHOi"i  CBH3bio 
no  Bbixo,a,y  u  =  y>(0)  =  0>  o6ecnennBaiomee  acHMnTOTnnecKyio  ycTonmiBOCTb  b  pejiOM  Bcex  3aMKHyTbix 

criCTeM  H3  MHOxcecTBa  (2)  npn  jno6bix  yn,OBjieTBop5noin,Hx  orpaHiineHHHM  |  07(f)  \<  Si,  t  >  0,  l  =  1, . . . ,  N. 

Hapsmy  c  (1)  paccMOTpi-iM  cncreMy  CTOxacTiinecKiix  ypaBHemiH  14 to 

dxt  =  [ f(xt,rt )  +  G(xt,rt)ut]dt  +  ’52b=i')i[fi{xt,rt)  +  Gi{xurt)ut\dwu  (2) 

zt  =  c(xt,rt),  t>t0, 

rpe  rt  -  MapKOBCKaa  penb  c  TpiCKpeTHbiM  mho^kbctbom  coctohhiih  N  =  {1, . . . ,  v}\  f(x,  i)  =  f(x,  i)  +  alx,  x  £ 
K",  i  £  N;  f(x,  i)  =  fi(x),  fi{x,  i)  =  fu(x),l  =  1 ,N,i  £  N;  wp  l  =  1, . . . ,  N  -  nesaBiiciiMbie  CTaH,a,apTHbie 
BiiiiepoBCKiie  npopeccbi. 

ITpiiBe^eM  pe3yjibTaT  pjm  nacTHoro  cjiynaa  o6paTHOi"i  cbh3ii  no  coctohhiiio. 

T  e  o  p  e  m  a  1  IIpedno.aootcuM,  umo  d.asi  cucmeMU  (3)  c  ynpae.aeHue,u  u  =  —72(2;),  ^(0)  =  0  cytpecmeyem 
KeadpamuHHasi  (foyrntyufi  JIfinynoea  V(x)  =  x'Px  >  0  manasi,  umo  LvV(x)  <  0  u  a  —  ^  zp  >  0,  zde 
Lv  -  npouaeodsnpuu  duefufiepeHyua.avHvm  onepamop  e  cujiy  (3)  c  u  =  —  (p(x).  Tosda  smo  ynpae.aeHue  odno- 
epeMenHo  cma6u.au3upyem  ece  cucmeMU  U3  MHootcecmea  (2)  npu  .modux  Heonpedejiemocmfix  napa.uempoe, 
ydoe.aemeopsiwipux  ospanuneHUfiM  |  07(f)  \<  Si,  t  >  0,  l  =  1, . . . ,  N. 

AaeTcn  o6o6menne  pe3yjibTaTOB.  HenoTopbix  KjiaccoB  jinHenHbix  n  nejinHenHbix  cncTeM  pe3yjibTaTbi  pp- 
bo,ii,htch  ,3,0  anropiiTMOB,  ncnojib3yioni,Hx  scjj^eKTHBHbie  coBpeMeHHbie  pemaTejin  JinHenHbix  MaTpnnHbix  Hepa- 
BeHCTB  b  cpe,a,e  MATLAB  (SeDuMi/YALMIP).  ripiiBO^HTCH  npiiMepbi. 

PaSoTa  BbinojmeHa  npn  cjjnnaHCOBOH  no,zyiep>KKe  POOH  (rpaHT  05-01-00132a). 
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taneous  Stabilization  of  Nonlinear  Systems  / /  Proc.  12th  Int.  IEEE  Conference  on  Methods  and  Models  in  Automation 
and  Robotics.  TU  Szczecin:  2006.  P.  177-183. 


Problems  of  Robust  Stabilization  and  Comparison 
with  Stochastic  Lyapunov  Function 

Pakshin  P.V. 

Nizhny  Novgorod  State  Technical  University  at  Arzamas,  Russia 


The  paper  develops  an  approach  to  solution  of  robust  stability  and  stabilization  problems  based  on  comparison 
with  stochastic  Lyapunov  function. 
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CHHTE3  POEACTHbIX  PEryJIHTOPOB  RJISL  HEJIHHEHHbIX 
CHCTEM  HA  OKPECTHOCTHX  OrPAHHHEHHbIX  MHOHCECTB 


nHJIHIIIKHH  B.H. 

MTTY  um.  H.9.  BayM(ma,  Poccuh 

CymecTBeriHoii  oco6eHHOCTBio  mhothx  ciiCTeM  HBjiaeTCH  HajniHiie  orpaHH'ieHHH  h  neonpe,n,ejieiiHOCTii.  Ba>KHO 
yMeTB  y  hi-itbib aTB  Tpe6oBaHi-iH  k  po6acTHOCTH  peryjiHTopa.  ITpe^jiaraeMaa  pa6oTa  nocBJHu,eHa  pememno  yica- 
3aHHoii  npo6jieMBi.  PaccMaTpiiBaeTca  cucTeMa: 

x  =  f(x,u,v),  x(t0)  =  x o,  t>t0,  x£Q,  u  £  U,  v  £  V.  (1) 

Tpe6yeTCH  ciiHTe3iipoBaTB  3aKOH  ynpaBjieHira  c  HtejiaeMori  CTpyKTypoti,  obecneHHBaiomHH  (J>a30BBie  orpami- 
HemiH  Ha  TpaeKTopiiax  cucTeMBi  (1)  x(t)  c  yneTOM  orpaHH'ieHHH  Ha  3HaHeHira  u  h  v  npi-i  jho6om  x(to)  =  Xq  £  Q- 
Oa30BBie  orpaHHHeHHH  CHHTaiOTCH  BBinojiHeHHMMH,  ecjiii  cnpaBe^jiHBO  ycjiOBi-ie: 

x(t)  £  Qe  npn  t  >  t0  Wx(to)  £  Q,  Qe  =  {#  £  Rn '■  p{x)  <  e},  (2) 


£  —  OKpeCTHOCTB  MHOHCeCTBa  Q. 

CKajiapHaa  HeoTpiipaTejiBHaa  cjjyHKpHH  p{x)  xapaKTepirayeT  yn,ajieHHOCTB  tohki-i  x  £  Rn  ot  MHOHtecTBa  Q. 
Bboahtch  Tax  Ha3BiBaeMaa  CBH3aHHaa  cjiasoBaH  njiocKOCTB  c  KOopAHHaTaivui  y  =  p{ x)  h  y  =  ( S7 xp ,  x)  = 
(Vxp,  f(x,  u,  v))  paccMaTpiiBaeMBiMH  Ha  TpaeKTopnax  x(t).  HeTpyAHO  AOKa3aTB,  hto  ^Biixemie  cucTeMBi  (1) 
HBjiaeTCH  orpaHHHeHHBiM  Ha  Qe,  ecjiii  BBinojiHaeTCH  paBeHCTBO 


dy  d  In  y 
dy  dt 


(Vx(Vxft  /(•)),/(•)) 

(v*p,/(-)) 


—oo  npn  y  = 


OTCio^a  Haxo^iiTCH  AOCTaTOHHoe  ycjiOBi-ie  rjih  ciiHTe3a  po6acTHoro  peryjiHTopa 


max  —  (In  y) 
vGV  dt 


—oo,  npn  x  =  x*  £  r Qe 
9=  —oo,  \/x  £  TQ£\x*, 


(3) 

(4) 


TQe  —  rpaHiipa  MHoncecTBa  Qe. 

Mojkho  noKa3aTB,  hto  rjisi  o6ecneHemiH  ^aHHoro  ycjiOBHH  aojihchbi  bbihojihhtbch  cooTHomemiH 


y  =  {0  npn  y  =  p(x*)  =  e  h  y^  0  npn  y  =  p(x)  =  e  \/x  y^  x* 


(5) 


OTCio^a  cjie^yeT,  hto  x*  —  aKCTpeMajiBHaa  TOHKa,  h  b  Heii  Taione  aojijkho  bbihojihhtbch  paBeHCTBO 


AV^y  +  Vxy  =  0,  A  >  0. 


(6) 


Toiyja,  hto6bi  6e3  yneTa  B03Mym,eHHH  x{t)  £  Qe  npn  Xq  £  Q,  AOCTaTOHHO  BBinojiHeHim  cooTHomeHiiH 

y  =  e,  y  =  0  1  p(x)  =  £,  (Vxp(x),  f(x,  u))  =  0  1 

AV*y  +  Vxy  =  0,  A  >  0  /  V%p  •  /(•)  +  (Vx/  +  A E)Vxp  =  0,  A  >  0  / 


(7) 


ITpn  criHTe3e  po6acTHoro  peryjiHTopa  c  yneTOM  fleftcTByioiipix  B03Mym,eHHH  ycjiOBHH  (5),  (6)  npiiBOAHTCH  k 
BHAy 


y  =  £,  y  =  0 

A Vxy  +  Va,y  =  0,  A  >  0 


max[Ay  +  y],  A 

v€V 


dy/dxj 

dy/dxP 


i  £  1,  n. 


(8) 


rtpi-i  3tom  MaKCHMyM  BBipanceHiiH  (A y  +  y)  no  v  £  V  o6ecneHHBaeTCH  Ha  ajieMeHTe  x*  £  TQe,  yAOBjieTBopsnomeM 
TpeM  nepBBiM  ypaBHeHHHM.  IlojiyHeHHBie  cooTHomemiH  ho3bojihk»t  scJxJjeKTHBHO  pemaTB  nocTaBjieHHyio  3aAany. 
rioKa3aHO  hx  npiiMeHeHiie  p^jist  HeKOTopnix  CiiCTeM. 


Synthesis  of  Robust  Regulators  for  the  Nonlinear  Systems 
on  the  Bounded  Sets  Environments 

Pilishkin  V.N. 

Bauman  Moscow  State  Technical  University,  Russia 

The  task  of  synthesis  of  regulator  for  the  nonlinear  object  with  the  presence  of  phase  limitations  is  considered. 
The  solution  is  based  on  the  usage  of  the  connected  phase  plane  which  is  used  for  obtaining  the  second-order 
condition  of  the  belonging  of  trajectories  by  the  given  set. 
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HHCJIEHHO-ACHMIITOTHHECKOE  PEIHEHHE  3AAAHH 

ynPABJiEHna  c  bektophhm  kphtephem  ha 

TPAEKTOPHHX  C  MAKCHMYMOM 


njIOTHHKOB  B.A.  |,  KuHMapeHKO  O.^. 


OdeccKuu  Hav;aoHajibHuu  ynueepcumem  um.  H.H.  MennuKoea,  Ynpauna 


PaccMOTpiiM  3a,n,aHy  onTiiMajiBHoro  ynpaBjieHHH  ,n,HHaMHHecxoH  CHCTeMofi  Bima  (1): 


b(t)  =  e\f(t , 


x(t),  max  x(s)) 


A(x(t),  max  x(s))ip(t,u) 

s6[s(t),7(t)] 


z(0)  =  x0, 


(1) 


r^e  x  -  n-MepHbifi  cjrasoBBiii  BexTop,  e  >  0  -  MajiBiit  napaMeTp,  t  £  [0,  Le  -1] ,  L  >  0,  / :  [0,  Le  1]  x  R"  x  R,!  ->  R  \ 
0  <  g(t)  <  7(f)  <  f,  A  -  n  x  m  MaTpiipa,  <p:  [0 ,  Le-1]  xU-t  R'n ,  u  £  U  £  comp( Rr)  -  BexTop  ynpaBjiemiH, 

max  x(s)  =(  max  aii(s), ....  max  xn(s) ),  c  BexTopHBiM  xpiiTepiieM: 

«e[fl(t),7(t)]  V  s£[g(t),7(t)]  «e[g(t),7(t)]  ) 

I[u]  =($1(*(T))),  $2(x(T)),...,<f>N(x(T)),  (2) 

r^e  <J>J(a;(T))  -  cxajiapHBie  (JjyHxpiiii,  ygOBjieTBopsHomiie  ycjiOBiiio  .Jliinmiipa  c  iioctohhhoh  A. 

OneBii^HO,  hto  npn  g{t)  =  7(f)  =  t  —  h  H3  (1)  nojiynaeM  ypaBHemiH  c  hoctohhhbim  3ana3,n,BiBaHi-ieM,  a  npn 
g{t)  =  7(f)  -  ypaBHemia  c  nepeMeHHBiM  3ana37,BiBaHiieM. 

3a7,aae  (1),  (2)  nocTaBi-iM  b  cooTBeTCTBiie  ycpe,n,HeHHyio  3a,n,aHy  Ha  TpaexTopnax 


■y  =  e 


f(y(t ), 


max  y(s)) 
se[g(t)Mt)] 


A(y(t),  max  y(s))v 
«e[g(t),7(t)] 


2/(0)  =  x0, 


(3) 


h  BexTopHBiM  (}.)  y  h  x  n  11  o  h  a  j  i  o  m  : 

I[v\  =($i(y(T))) ,  $2(tf(T))„ . . . ,  $iv(l/(T)),  (4) 

T  T 

f(xi  y)  =  y;  [  f(t,x,y)dt,  v£V=  lim  ^  f  ip(t,U))dt,  (5) 

1  — >00  1  J  1  — >00  1  J 

0  0 

v  -  iiobbih  BexTop  ynpaBjieHiisi,  iiHTerpaji  b  (5)  noHHMaeTca  b  CMBicjie  AyMaHa,  cxo,h,hmoctb  b  CMBicjie  MeTpnxn 
Xayqgopcjm. 

Ajih  ypaBHeHHH  ynpaBjiaeMoro  ^BiiaceHira  c  MaxciiMyMOM  (1)  h  (3)  o6ocHOBaHO  npiiMeHeHiie  MeTO,n,a  ycpe,g- 
Hemia,  ecjiii  (J)yHXH,HH  f(t,x,y),  A(x,y),  HenpepBiBHBi  no  t,  paBHOMepHO  orpaHiineHBi,  y^OBjieTBopaiOT 

ycjiOBiiio  JImmmn,a  no  x,  y,  u,  <J>yHXH,HH  g(t)  h  7(f)  paBHOMepHO  HenpepBiBHBi  h  0  <  g(t )  <  7(f)  <  t,  paBHOMep- 
ho  OTHOCHTejiBHO  x,  y  cyipecTByeT  npe,n,e.ji  (5),  pemeHiie  ypaBHemia  (3)  npii  Xq  £  D'  C  D  h  jiio6om  ^onycTHMOM 
ynpaBjieHHH  v(t)  BMecTe  c  p-oxpecTHOCTBio  npiiHa7,ae>xHT  o6jiacTi-i  D. 

fl/isi  ypaBHemiii  ynpaBjiaeMoro  .npmxeHiiH  (1)  h  (3)  o6ocHOBaH  ajiropiiTM  cooTBeTCTBiia  ynpaBaemiii. 

JlflR  3a7,an  (1),  (2)  h  (3),  (4)  npe,n,CTaB.jieHO  o6ocHOBaHiie  HiicjieHHO-acHMnTOTHHecxoro  pemeHiia  salami 
onTHMajiBHoro  ynpaBjieHiia  c  BexTopHBiM  xpHTepneM  Ha  TpaexTopnax  c  3ana37,BiBaHiieM  b  cjropMe  MaxciiMyMa, 
ecjni  BBinojiHaiOTca  ycjiOBiia  TeopeMBi  06  ycpe^HeHHH,  a  Taxace  ecjin  (JiyHKHHH  <t>j(a;)  yn,OBjieTBop5HOT  ycjiOBiiio 
JlHnmHH,a. 


Numerically- Asymptotic  Solution  of  Control  Problem  with  Vectorial 
Criterion  on  Trajectories  with  Maximum 


Plotnikov  V.A. 


Kichmarenko  O.D. 


Odessa  National  1. 1.  Mechnikov  University,  Ukraine 


The  paper  contains  a  substantiation  of  a  numerically-asymptotic  solution  of  optimal  control  problem  with 
vectorial  criterion  on  trajectories  with  delay  in  the  form  of  maximum,  which  is  based  on  the  averaging  method 
for  the  controlled  differential  equations  with  a  maximum. 


HEJIHHEHHAH  TEOPHH  VII PA  BJIEHHH 
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EECKOHEHHOMEPHA5I  JIEMMA  5IKyBOBHHA-KAJIMAHA 
RJISL  HECTPOrHX  HEPABEHCTB 

IIpOCKypHHKOB  A.B. 

Camcm- TJemepUypzcKuu  socydapcmeennuu  ynueepcumem,  Poccusi 

JleMMa  5lKy6oBiiHa-KajiMaHa  (nacTOTHaa  TeopeMa)  HBjiaeTca  o/jhiim  h3  ochobhbix  imcTpyMeHTOB  Teopim  ynpaB- 
jieHiia,  Haxo/iynuHM  npiiMeHeHiie  b  iiccjie^OBaHiin  flKHaMHKH  HejiiiHeiiHBix  cnereM,  Teopim  onTiiMajiBHoro  ynpaB- 
jiemiH,  poSacTHOM  h  a,a,anTiiBHOM  ynpaBjieHim  h  t.#.  AaHHaH  JieMMa  ^aeT  uacTOTHBie  ycjiOBira  pa3peimiMOCTH 
ypaBHemm  JlypBe-PiiKKaTH,  to  ecTB  ycjiOBiia  cymecTBOBaHira  p^jisi  3a,gaHHOH  jiimeimoH  CTauyiOHapHoii  cucTe- 
mbi  (c  KOHenHOMepHBiM  npocTpaHCTBOM  coctohhhh)  KBa,npaTHHHOH  cjjyHKip-n-i  JlanyHOBa  co  cnepiiajiBHBiMi-i 
CBoiicTBaMii.  BaxcHOCTB  jicmmbi  5lKy6oBHHa-KajiMaHa  CTaaa  CTiiMyjiOM  k  ee  o6o6iu,eHiiio  Ha  6ojiee  miipoKiie 
KjiaccBi  criCTeM:  necTauyiOHapHBie  chctcmbi  c  nepiio^iiHecKHMii  KOScjxjmqueHTaMH,  npoii3BOJiBHBie  HecTaqiiOHap- 
HBie  chctcmm,  6ecKOHeHHOMepHBie  ciiCTeMBi.  ,U,0KJiaA  CBH3aH  c  nocjie,a,HHM  HanpaBjiemieM,  HauaTBiM  pa6oTaMii 
B.A.  5lKy6oBiiHa  h  A., II.  JIi-ixTapmiKOBa,  B.A.  BpyciiHa,  M.A.  HygejiBMaiia,  JI.  naH^ojiBcjm.  Bojibhiiihctbo 
H3BecTHBix  6ecKOHeHHOMepHBix  o6o6m,eHHH  jicmmbi  5lKy6oBiiHa-KajiMaHa  othochtch  k  Tax  nasBiBaeMOMy  hcbbi- 
poHc^eimoMy  cjiyuaio,  hjih  cjiyuaio  CTponix  uacTOTHBix  HepaBeHCTB.  IIojiHoro  »ce  o6o6m,eHiisi  jicmmbi  ^jih  cjiynaa 
HecTponix  HepaBeHCTB,  a  hmchho  stot  BapnaHT  Heo6xo,n,HM  ,n,jra  qejioro  pjma  hphjiojkchhh,  nojiyueiio  He  6bi- 
jio.  B  ^.OKjia^e  npiiBO^iiTca  Taxoe  o6o6in,eHne  ,n,jra  Han6ojiee  pacnpocTpaHeHiioro  cjiynaa,  xor^a  bxo^,  CiiCTeMBi 
HBJIHeTCH  KOHeHHOMepHBIM. 

Ochobhbim  pe3yjiBTaTOM  flOKjia^a  HBjiaeTca  cjie^yiomaH  TeopeMa. 

TeopeMa.  IlycTB  X  —  KOMnjieKCHoe  nuiB6epTOBO  npocTpaHCTBO  h  U  —  KOHeuHOMepHoe  KOMnjieKCHoe  npo- 
CTpaHCTBo;  A  —  JiHHeftHBift  (BOo6m,e  roBopa,  iieorpaHHHeHHBift)  onepaTop  Ha  X  c  o6jiacTBio  onpe^,ejieHiia  D(A), 
reHepiipyiomiiH  C'o-nojiyrpynny  h  B  :  U  — >  X  —  JiHHeftHBift  onepaTop.  IlycTB  F(x,  u)  —  nenpepBiBHaa  spMii- 
TOBa  cjiopMa  Ha  XXU.  IlycTB  T  =  T*  :  U  — >  U  —  onepaTop  spMiiTOBoft  cjiopMBi  i7’(0,u).  ripe^nojioaaiM,  hto 
ciiCTeMa  ypaBHeHHH  x'(t )  =  Ax(t)  +  Bu(t),  x(0)  =  a  npn  jiio6om  a  HMeeT  pememie  x(t),  u(t),  jieacamee  b  Kjiacce 
L2[0;  +oo]  (pemeHiie,  KaK  o6bihho,  noHiiMaeTca  b  cjia6oM  CMBicjie).  IlycTB  BBinojiHeHO  uacmomnoe  yc.aoeue :  pjm 
jno6oro  BemecTBeHHoro  Hiicjia  u i  h  jiio6bix  BeKTopoB  x,  u,  Taxiix  hto  iuix  =  Ax  +  Bu,  cnpaBe^,jniBO  HepaBeHCTBO 
F(x,u)  >  0,  npuneM  xoth  6bi  ^jia  o^hoii  TaKoft  TpoiiKH  {u>,x,u)  iiMeeM  F{x,u)  >  0. 

Tor^a  cyipecTByiOT  orpaHiiHeHHBie  jiimeftHBie  onepaTopBi  h  :  X  — >  U,  H  =  FI*  :  X  — >  X,  TaKiie  hto 

2R e(Hx,  Ax  +  Bu)  +  F(x,  u )  =  \hx  +  r1//2z<.|2  npn  Bcex  x  H3  D{A),  u  H3  U. 

YKa3aHHBiii  b  TeopeMe  Bim  hmciot  mho  rue  npaKTHnecKH  3HaHiiMBie  chctcmbi  ynpaBjieHiia,  b  nacTHOCTH,  ciiCTe- 
mbi,  oraiCBiBaeMBie  fliicjicjiepeHiijiajiBHBiMH  ypaBHeHHaMH  c  nocjie^eiiCTBueM,  a  Taxace  ypaBHeHiiaMii  b  nacTHBix 
npoii3BO^i,HBix.  AHajioniHHaa  nacTOTHaa  TeopeMa  cnpaBe^juma  h  ^jia  6ecKOHeHHOMepHBix  chci’Cm  c  ^.hckpcthbim 
BpeMeHeM,  npn  stom  TeopeMBi  ^jia  HenpepBiBHoro  h  ^.iiCKpeTHoro  cjiynaeB  CBO^aTca  APyr  K  APyry  npn  homoiuh 
npeo6pa30BaHiia  Kajin. 

B  ^.OKjia^e  o6cya<yi,aeTca  Taxace  npiiMeHeHiie  nojiyneHHBix  pe3yjiBTaTOB  b  hckotopbix  sa^anax  ycTOiiHiiBOCTii 
HejIHHeilHBIX  CHCTeM. 

PaSoTa  BBinojiHeHa  npn  no^epacKe  POOH,  rpaHTBi  05-01-00238  h  05-01-00869,  a  Taxace  HHCTiiTyTa  npo- 
6jieM  MaiHiiHOBe^eHiia  PAH. 


Infinite-Dimensional  Yakubovich-Kalman  Lemma  for  Non-Strict  Inequalities 

Proskurnikov  A.V. 

Saint  Petersburg  State  University,  Russia 

The  Yakubovich-Kalman  lemma  ("frequency  theorem")  is  one  of  principal  tools  of  control  theory,  used  in 
nonlinear  systems  dynamics  investigation,  optimal  control  theory,  robust  and  adaptive  control,  etc.  There  were 
a  number  of  efforts  to  generalize  this  result  to  infinite-dimensional  systems,  but  most  of  such  generalizations 
deal  with  the  so-called  "non-degenerate"  case,  when  the  strict  frequency-domain  inequality  holds.  In  the  present 
paper  we  give  convenient  generalization  of  the  Yakubovich  -  Kalman  lemma  for  the  "degenerate"  case,  which 
appears  to  be  essential  for  a  numbers  of  applications.  Some  applications  of  the  obtained  result  to  nonlinear 
systems  analysis  are  also  discussed. 
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CHHTE3  CTAEHJIH3HPyiOIL];HX  yilPABJIEHHH  AM 
HEABTOHOMHbIX  CMCTEM  C  nOCJIE^EHCTBHEM 

Ce,a,oBa  H.O. 

yjibsmoecKuu  eocydapcmeennuu  ynueepcumem,  YAbAHoecK,  Poccua 

MeTO,n,  JInnyHOBa,  miipoKO  npuMeHneMBiii  ppm  iiccjie,ii,OBaHiiH  ycToiiuHBOCTH,  nojiyurui  pacnpocTpaHemie  h  b 
Teopiiii  ynpaBjiemiH,  b  nocjie,n,Hne  to^bi  b  Bime  TaK  Ha3BiBaeMOi“i  KOHTpojuipyiomeii  <f>yHKii,HH  JlanyHOBa  (KJIO 
—  ot  aHrji.  CLF  —  control  Lyapunov  function,  cm.,  Hanpmiep,  [3,4]).  Ecjiii  ii3BecTHa  KJIO,  moikho  nocTpoiiTB 
3aKOH  ynpaBjiemiH  Tax,  uto  nojio»ceHiie  paBHOBecim  ynpaBjineMOii  ci-ictcmbi  6ya,eT  rjio6anBHO  acuMnTOTHuecxn 
ycToftuHBBiM.  B  .npxjia^e  npe^jiaraeTCH  o63op  hcmhoi  hx  h3bccthbix  pe3yjiBTaTOB ,  xacaiomiixcH  oco6eHHOCTei"i 
npiiMeHemin  KJI®  k  ypaBHemiHM  c  3ana3,n,BiBaHi-ieM,  a  TaK*e  B03MO>xHBie  nyra  pas  but hh  3Toro  MeTO^a  b 
HanpaBjiemui  ocjiabjieHiiH  Tpe6oBaHiii"i  k  KJTO. 

B  paboTe  ncnojiB3yiOTCJi  cjie^yrouiiie  o6o3HaueHiDi:  Rn  —  .neiiCTBiiTejiBHoe  n-MepHoe  npocTpaHCTBO  c  riop- 
MOi“i  |  •  |,  r  >  0  —  cjuiKCiipoBaHHaa  nocTOHHHan,  C  —  npocTpaHCTBO  C([— r,  0],  Rn)  4>yHxn,HH  ip  c  HopMofi 
||<p||  =  max_r^s^o  |y>(s)l-  Ecjiii  a  >  0,  x  £  C{\—r,a),Rn )  n  t  £  [0,  a),  to  it  €  C  onpe^ejiHeTCH  cjiopMyjiOH 
Xt(s)  =  x(t  +  s),  s  €  [— r,  0].  OyHKpiiH  a  €  C(R+,  R+)  upuHa/pieiKHT  Kjiaccy  1C,  ecjiii  OHa  CTporo  B03pacTaeT  n 
a(0)  =  0;  a  npuHa/piOKHT  Kjiaccy  /Coo,  ecjin  B,n,o6aBOx  a(u)  — >  oo  npu  u  — >  oo. 

PaccMaTpiiBaeTCH  Hejiimeimaji  cuci’CMa  c  3ana3^,BiBaHiieM  Bima 

x{t)  =  f{t,xt)  +g(t,xt)u,  (1) 

r^e  f,g  £  C(R+  x  C ,Rn),  u  £  R,  f(t,  0)  =  0.  Tpe6yeTCH  noc  rpou  rB  ynpaBjiemie  b  Bime  u(t)  =  k(t,xt )  Tax, 
uto  peineiiiie  x  =  0  chctcmm  (1)  (rjio6ajiBHo)  acHMnTOTnuecKn  ycTOiiuiiBO. 

PaccMOTpiiM  4iyHKii,noHaji  V  :  R+  xC-t  R+  n  npe^nojio>KHM,  uto  oh  iiHBapiiaHTHO  ^iicJxJiepeHpiipyeM  [2], 
to  ecTB  iiMeeT  HGnpepBiBHBie  npoii3BO^HBie  h  HHBapnaHTHyio  npon3BO^Hyio  no  cji) y h k u h o h a j i b h o m y 

apryMeHTy  d^V.  B  stom  cjiyuae  npon3BO^HaH  V  b^ojib  TpaexTopHH  chci’Cmbi  (1)  paBHa  V^(t,  ip)  =  + 

(ddvt<p)  '  (/(*> <P)  +  9{t,V)  '  u)  +dj,V(t,<p)  =:  LfV(t,ip )  +  LgV(t,<p)  ■  u. 

Onpe,a,ejieHne.  ®yHxu,HOHaji  V  :  R+  x  C  — >  R+  iia3BiBaeTCH  KoumpoAupywipuM  (pyrnyuonaAOM  JlnnyHoea- 
KpacoecKozo  (KJIKO)  pnsi  ciictcmbi  (1),  ecjiii  oh  iiHBapiiaHTHO  ^iKjwJiepeHpHpyeM,  h  cymecTByiOT  (fiymcnim 
a  £  1C,  fa, @2  e  /Coo  Taxue  uto  /31(|y>(0)|)  <  V(t,<p)  ^  /^(IMI)  h  LgV(t,<p)  =  0  =>  LfV(t,ip )  <  -a(|y>(0)|) 
ppm  Bcex  t  £  R+,  p  £  C. 

Ana  ypaBHeHHH  c  h3bccthbim  KJIK®  nojiyueHBi  hbhbic  (JtopMyjiBi  CTa6HjiH3npyiomHx  ynpaBjieHiiii,  H3yue- 
Ha  3a^aua  «o6paTHOi“i  onTHMajiBHOCTii».  PaccMOTpeHBi  TaK»ce  3HaKonocTOHHHBie  K.HKO  co  3HaKonocTOHiiHOii 
npoii3BO^i,HOH  [1]  h  B03MO>KHBie  npo6jieMBi,  CBH3aHHBie  c  TaKHM  ocjia6jieiineM  Tpe6oBaHnii. 

Pa6oTa  BBinojiHeHa  npn  cjnmaHCOBOH  noAfl,ep>KKe  POOH,  npoexT  Y  05-01-00765. 
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Stabilizing  Control  Design  for  Non- Autonomous  Systems  with  After-Effect 

Sedova  N.O. 

Ulyanovsk  State  University,  Russia 

The  problem  on  stabilization  is  considered  for  nonlinear  non-autonomous  delay-differential  systems.  The  concept 
of  control  Lyapunov  function  is  extended  to  non-autonomous  time-delay  systems  in  form  of  Control  Lyapunov- 
Razumikhin  function  (CLRF)  or  Control  Lyapunov-Krasovsky  functional  (CLKF).  Some  universal  formulas 
apply  to  CLRF  and  CLKF  to  obtain  control  laws,  which  achieve  asymptotic  stability  for  the  system  as  well  as 
robustness  properties. 


HEJIHHEHHAH  TEOPHH  VI I  PA  BJIEHHH 


109 


CHHTE3  ACHMIITOTHHECKH  CYEOnTHMAJlbHOrO  POEACTHOrO 
ynPABJiEHna  npn  heh3becthbix  becax  bo3myii];ehhh 

Cokojiob  B.<E>. 

Omdeji  MameMamuKU  Komu  uayunozo  yenmpa  YpO  PAH,  Poccuh 

PaccMaTpi-iBaeTca  MHoroMepHBiii  odneKT  ynpaBjieHiin  c  ^piCKpeTHBiM  BpeMetieM 

(M  +  5yAy)y  =  (N  +  SuAu)u  +  Su,w  ,  (1) 

r^e  y  —  nocjie^OBaTejiBHOCTB  bbixo,h,ob  odneKTa  h  u  —  ynpaBnemie.  M(q~1)  h  7V(<7_1)  HecoKpaTiiMBie  cjieBa 
nojiiiHOMiiajiBHBie  MaTpimpi,  pa3MepoB  ny  x  ny  h  ny  x  nu  cooTBeTCTBeHHO,  ot  onepaTopa  c^Biira  Ha3a^  g_1 
( q~1x(t )  :=  x(t  —  1)),  detM(O)  A  0-  Ay  h  Au  —  HejiiiHeiiHBie  (hjih  jiHHenHBie  HecTanjiOHapHBie)  onepaTopHBie 
B03MymeHiia,  ya,OBjieTBopaioiii,iie  HepaBeHCTBaM 

|(Ayj/)(i)|00  <  sup  |y(s)|oo,  |(A„u)(f)|00  <  sup  |u(s)|00  VteN,  (2) 

t  —  t— 

rp,e  |a;|oo  :=  max^  |xfc|  ^jia  BexTopa  x  n  y  naMHTb  B03Mym,eHiiii.  BHeniHee  B03Mym,eHi-ie  w  ya,OBjieTBopaeT 
HepaBeHCTBy 

sup  |tu(t)|oo  <  1  .  (3) 

t 

Beca  B03Mym,eHiii“i  Sy,Su,5w  npe,a,nojiaraiOTCH  Heii3BecTHBiMu  h  .hojdxhbi  opem-iB aTBca  no  flaHHMM  H3MepeHHH. 
lIoKa3aTejiB  xauecTBa  3aMXHyToii  cucTeMBi  ynpaBjiemiH,  BxjuouaiomeH  odnexT  (1)  h  peryjiaTop 


u  =  Ky, 


rp,e  K  -  nepe^aTOUHaa  MaTpupa  peryjiaTopa,  iuvreeT  Bim 

J (K,  5w,6y,  Su)  =  sup  lim  sup  \y(t)  \ . 

w,Ay,Au  t—>  oo 

CTaBiiTca  3a^aua  nocTpoemra  no  ^aHHBiM  H3MepeHrin  acHMnTOTnuecKn  onTHMajiBHoro  peryjiaTopa  I\ ,  miihii- 
Mii3npyiom,ero  noKa3aTejiB  KauecTBa  J. 

llycTB  yl  =  (y(0), . . . ,  y(t ))  —  bbixo,h,  odnexTa  Ha  npoMencyTxe  [0,  t]  npn  BBi6paHHBix  ynpaBjunomiix  B03,n,eH- 
ctbhhx  Uq~  =  (u( 0), . . . ,  u(t  —  1)).  06o3HauiiM  uepe3  Wt  MHOJxecTBO  Tpoex  BecoB  (8y,  Su ,  Sw),  corjiacoBaHHBix 
c  ypiHHWMH  H3MepeHHH  j/qjUq”1  h  HepaBeHCTBaMH  pjm  B03Myin,eHHH  (2)  n  (3).  riocTpoenne  aciiMnTOTHuecxH 
onTHMajiBHoro  ynpaBjieHiia  ocHOBaHO  Ha  npiidjiHJxeHHOM  pemeniin  3a,n,an 

Kf  =  argmin  min  J(K,5w,5y,5u  )  (4) 

k  (s„,sy,su)ewt 

n  BBi6ope  ynpaBjieHiia  u(t)  =  ( Kty)(t ).  TIpii  stom  onTHMajiBHoe  3HaneHne  noxa3aTejia  KauecTBa  J  b  3a,a,ane 
(4)  nrpaeT  pojrn  CBoeo6pa3Hoii  (J>yHxn,HH  JlanyHOBa,  mohotohho  B03pacTaK>in,en  c  poctom  t.  npHdjmjxeHHoe 
peniem-ie  3a^au  (4)  cbo,h,htch  k  pememno  ceMeiicTBa  3a^an  .npodHO-jiiiHenHoro  nporpaMMiipoBamiH  [1], 

PadoTa  BBinojmeHa  npn  cjjiinaHCOBon  no,zmep}xxe  POOH  (rpaHT  05-01-00851). 

JlmepaTypa 

[1]  Sokolov  V.F.  Control-Oriented  Model  Validation  and  Errors  Quantification  in  the  t\  setup  //  IEEE  Trans.  Autom. 
Control,  2005,  Vol.  50.  N.  10.  P.  1501-1508. 


Suboptimal  Steady-State  Robust  Synthesis  under  Unknown 
Upper  Bounds  of  Perturbations 
Sokolov  V.F. 

Department  of  Mathematics,  Komi  Science  Center,  RAS,  Syktyvkar,  Russia 

The  paper  addresses  a  problem  of  approximately  optimal  steady-state  robust  regulation  for  linear  time-invariant 
discrete-time  MIMO  plant  under  coprime  factor  perturbations.  Upper  bounds  of  perturbations  and  exogenous 
disturbance  are  assumed  to  be  unknown  to  controller  designer.  Estimation  of  upper  bounds  is  based  on  treating 
the  control  criterion  as  the  identification  criterion. 
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METOA  EHJIHHEHHbIX  AIHIPOKCHMAIjnn  B  3A^AHAX 
onTHMAJibHoro  ynPABJiEHna 

CpOHKO  B.A. 

MpKymcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  obBiKHOBeHHaa  3a^3,aua  onTiiMajiBHoro  ynpaBjiemia  6e3  (f>a30BBix  h  TepMrmajiBHBix  orpam-rae- 
hhh.  IfejieBoii  cjryHKuyiOHaji  h  .njiHaMiiuecKaH  cucTeMa  jiHHeftHO  3aBiicaT  ot  ynpaBjiemiH,  KOTopoe  orpamiueHO  c 
noMom,Bio  KOMnaKTHoro  MHoacecTBa.  B  KauecTBe  a i  n  i p o kc h m a n h h  cjryHKujiOHajia  iicnojiB3yeTca  cjrasoBaa  Bapna- 
piia  c  HecTaimapTHOii  conpaaceHHOii  chctcmoh.  llpope^ypa  BapBiipoBamiH  cjropMiipyeTCH  Ha  ocHOBe  o6o6m,eHHOi"i 
BBinyKjioii  kom6hhehhh  ynpaBjieHHH  c  HopMiipoBKori  b  npocTpaHCTBe  L\  [lj.  B  pe3yjiBTaTe  BcnoMoraTejiBHaa 
3a^aHa  npe^,jiaraeMoro  MeTO,a,a  hociit  6HjiHHei"iHBiii  xapaKTep  OTHOCiiTejiBHO  napai  «ynpaBjieHi-ie,  cocTOHHiie» 
h  pemaeTca  b  HeKOTopoii  «nrojiBHaToii»  OKpecmocTH  ncxo^Horo  ynpaBjieHiia.  B  pejiOM,  paccMa'rp h BaeMM h 
no,ipco^i,  k  HiicjieHHOMy  peineHiuo  aBjiaeTca  coBpeMeimoH  peajiiisapiieii  TexHOJioriii-i  «MeTO^OB  ^OBepiiTejiBHoii 
o6jiacTii»  [2]  b  paMKax  3a^,aa  onTiiMajiBHoro  ynpaBjieHiia. 

3a^,aaa  onpe,n,ejiaeTca  cjie/iyioinHMH  cooTHomeHiiaMii: 

tl 

to 

x  =  f(x,  u,  t) ,  x(t0)  =  x° ,  t  GT  =  [to,  tl ] , 
v={ugl£(t):  u,(t)  g  u ,  ter}  . 

<Pa30Baa  BapnaijHH  4>yHKEi,noHajia  Ha  nape  ynpaBjieHHH  u,w  G  V  KOHCTpynpyeTCH  b  BH^e  6njiHHeHHOH 

5$(u,w)  =  (<t>x(x(ti)),y(ti))  +  J  (( Fx(x(t),w(t),t),y(t ))  +  (Fu(x(t),t),w(t)  -  u(t)))dt, 

T 

y  =  fx(x{t ),  w(t),t)y  +  fu(x(t),t)(w(t )  -  u(t)) ,  y(t0)  =  0  . 
npon,e,aypa  BapBiipoBamia  CBa3aHa  c  napaMeTpoM  a  G  [0,1]  H  <f>°PMajn'I3yeTC51  cae^yroipiiM  o6pa30M 

Wa(t,  v,  x)  =  u(t)  +  x(t)(v(t)  -  u(t))  ,  tGT ,  V  GV  ,  X&Xa, 

Xa=  |x  G  Lx(T)  :  x{t)  =  0  V  1 ,  J  x(t)dt  =  a(ti  -  t0) 

Oaepe^Hoe  npiiGanacemie  cjropMiipyeTca  b  pe3yjiBTaTe  pemeHiia  BcnoMoraTejiBHoti  salami 

6$(u,  wa)  — *  min  ,  v  G  V ,  x  G  Xa  . 

JlHTepaTypa 

[1]  CpoiKO  B.A.  HTepan,iiOHHbie  MeTOflbi  pememia  3aflaa  onTiiMajiBHoro  ynpaBjieHiia  /  B.A.  Cpouico.  M.:  OiraMaTjiHT, 
2000.  -  160  c. 

[2]  H3ManjiOB  A.<3>.  BucjieHHbie  MeTOflbi  onTHMH3aiyiH  /  A.C>.  H3ManjiOB,  M.B.  CojiOflOB.  M.:  ®H3MaTjiHT,  2005.  304  c. 

Method  of  Bilinear  Approximations  for  Optimal  Control  Problems 

Srochko  V.A. 

Irkutsk  State  University,  Russia 

The  optimal  control  problem  without  phase  and  terminal  constraints  is  considered.  Non-standard  variation  is 
used  as  an  approximation  of  the  cost  functional.  The  auxiliary  subproblem  has  a  bilinear  character  with  respect 
to  the  pair  "control,  state"  and  it  is  solved  in  the  special  neighborhood  of  nominal  control. 
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OIITHMAJTbHOE  YIIPABJIEHHE  CTOXACTHHECKHMH 
CHCTEMAMH  C  KBA^PATHHHblM  KPHTEPHEM  KAHECTBA 

CTaHJKHII,KHH  A.H. 

Kueecnuu  nav)uoHaA,bHuu  ynueepcumem  UMenu  T.  UleeuenKO,  Ynpauna 

PaccMaTpi-iBaeTca  cjie^yiomaH  3a,n,aHa  onTHMajiBHoro  ynpaBjiemiH 

dx  =  [f(t,  x)  +  B(t)u\dt  +  e[g(t,  x)  +  D(t)u\dW(t) 

x{s)  =  y  /-n 

J{s,y,u )  =  E^{t,x(t))  +  f  ( ip(t,x(t ))  +  (N(t)u(t),u(t)))dt^->  inf, 

t  £  [0,T],  x  £  Rn,  £  >  0  —  MajiBiii  napaMeTp,  W(t)  —  o^HOMepHBiii  npoqecc  Bimepa,  Qo  =  (0 ,T)  x  Rn,  Q 
orpaHiiHeHHaa  no^o6jiacTB  c  rjia^Koii  rpammeft  dQ.  ( s,y )  £  Q,  t  —  momcht  nepBoro  BBixo^a  (t,x(t))  H3  Q.  p  n 
ip  -  HeoTpripaTejiBHBie  rjia/paie  (JayHKHHH.  /  h  g  Taxi-ie,  hto  ynpBjieTBopsuoT  ycjiOBHHM  cymecTBOBam-iH  h  e^,iiH- 
CTBeHHOCTii  ciuiBHoro  pememiH  ,n,o  MOMeHTa  BBixo^a  H3  Q.  N(t)  HenpepBiBHaa  nojioJKiiTejiBHO  onpe^ejieHHaa 
MaTpiipa. 

TeopeMa.  IIpii  BBinojiHemm  HanricaHHBix  BBime  ycjiOBiiii  3eo  >  0,  hto  npii  e  <  £q  3a^,ana  (1)  i-iMeeT  pememie 
u*  =  u*{t,x ),  npimeM  u*(t,x)  — +  Uq(£,  x),  £  — *  0  paBHOMepHO  no  (t,x)  £  Q. 

AoxasaTejiBCTBO  TeopeMBi  npoBO^HTcn  mcto^om  ^imaMiiuecKoro  nporpaMMiipoBamiH  BejijiMaHa. 


Optimal  Control  of  the  Stochastic  Systems  with  Quadratic  Criterion  of  Quality 

Stanzhitskiy  A.N. 

Kiev  National  University  named  by  T.  Shevchenko,  Ukraine 

The  existence  of  optimal  control  in  the  form  of  the  control  with  feedback  loop  is  proved  for  the  nonlinear 
stochastic  systems  with  quadratic  criterion  of  quality. 
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HHTEPBAJIbHA5I  JIHHEAPH3AIJH5I  B  3A^AHE  MEflMAHHOrO 

MO^AJlbHOrO  ynPABJIEHHH 

Cy^apHHKOB  C.A.,  VniaKOB  A.B. 

CaHKm-nemep6ypzcKuu  socydapcmeennuu  ynueepcumem  UHefiopMav/uoHHUx  mexHOJiozuu, 

MexanuKU  u  onmum,  Poccuh 

IlycTb  ncxo,n,Hbiii  HejiiiHeimbiH  .zpiHaMHHecKHH  o6T>eKT  (HAO)  3a,n,aeTCH  MO^ejibHbiM  npe^CTaBjiemieM  Bima 

x(t)  =  f(x(t))  +  Bu(t );  x(0);  y(t)  =  Cx(t),  (1) 

r^e  x,  y,  u  —  cooTBeTCTBenno  BeKTopbi  coctohhiih,  Bbixo,n,a  h  ynpaBjieHiia,  f(x)  —  HejiiiHeimaH  BeKTopHaa 
cjDyHKpiia  ot  BeKTopa,  /( 0)  =  0;  B,  C  —  MaTpupbi  ynpaBjieHira  h  Bbixo,n,a;  x,  f{x)  £  Rn ;  u  €  Rr;  y  £  i?m; 
B  £  Rnxr,  C  £  Rmxn.  CTaBiiTca  3a^aua  nocTpoemia  riHTepBajibHO  jniHeapii30BaHHoro  npe,n,CTaBjieHiiH  (I4JIII) 
HejiiiHeiiHoro  o6T>eKTa  (1)  b  cjjopMe 


x(t)  =  [A]x(t)  +  Bu(t );  ;r(0);  y(t)  =  Cx(t), 


(2) 


r^e  [A]  =  [  A,  A  J  —  HHTepBajibHaa  MaTpiipa  coctohhiih  o6T>eKTa,  yrjiOBbie  3HaueHHH  A^,  A.y  yrjiOBbix  A,  A 
KOMIIOHeHTOB  KOTOpOH  CTpOHTCH  Ha  OCHOBe  npe,H,CTaBJieHIIH  BeKTOpHOH  (JjyHKHHH  OT  BeKTOpa  f(x)  B  BeKTOpHO- 
M aTpi-IHHOH  cjjopMe 

f(x)  =  A(  x)x,  (3) 


r^e  A{x)  KOHCTpyiipyeTca  [1]  b  cjjopMe 


A(x)  =  col 


jrow 


fi(x) 

INI2 


(4) 


npn  3tom  1 1  a;  1 1  —  eBKjnmoBa  BeKTopHaa  HopMa.  IiHTepBajibHaa  jiHHeapH3an,Ha  iicxo^hoto  o6T>eKTa  (1)  b  <f>op- 
Me  (2)  c  iicnojib30BaHiieM  (3),  (4)  ocymecTBjiaeTca  b  ccjjepe  Sx :  ||x||  <  ds  na  OCHOBe  cooTHomemiH  At,-  = 
min(3(a;))y,  Ay-  =  max(A(a;))ii. 

X(zOx 

Ecjih  b  HJIII  (2)  HAO  (1)  MaTpimy  coctohhiih  npe,n,CTaBHTb  b  BH^e  cyMMbi  Me^naHHoro  h  i-iHTepBanbHoro 
KOMnoHeHTOB  [A]  =  A0  +  [AA]  =  A0  +  [AA,  AA],  to  MeTO,a,aMii  Me^naHHoro  MO,a,ajibHoro  ynpaBaemia  [2] 
b  cjjopMe  u[t)  =  — Kx(t ),  mohcho  Bbi6paTb  MaTpupy  CBa3eii  K,  KOTopaa  o,n,HOBpeMeHHO  ^.ocTaBiiT  HJIII  (2) 
HAO  (1)  Tpe6yeMyio  ^i-maMi-ixy  Ha  OCHOBe  na3HaHeHiia  acejiaeMoii  CTpyKTypbi  moa  Me^iiaHHoro  KOMnoHeHTa 
Fq  =  Aq  —  BK  HHTepBajibHoii  MaTpupbi  [E]  =  Fq  +  [Af]  =  Fq  +  [AA]  coctohhiih  CHCTeMbi  h  3HaueHHe  opeHKii 

OTHOci-iTejibHOH  HHTepBajibHOCTH  3TOH  MaTpiipbi,  ynpBjieTBopsnomee  HepaBeHCTBy  SFj  =  ||  [AA] || /Hi7!) ||  <  Sir- 

JlHTepaTypa 

[1]  AKyHOB  T.A.,  CyflapaiiKOB  C.A.,  YrnaKOB  A.B.  CiiHTe3  (JjOTOSjieKTpuaecKoii  cjieflameii  CHCTeMbi  Ha  OCHOBe  HHTep- 
BajIBHBIX  MOflejIBHBIX  npeflCTaBJieHHH.  M.I.IloCTpOeHHe  HHTepBajIBHOH  MOflejIH  KOMnOHeHTOB  CHCTeMBI  //  H3B.  By30B. 

IlpH6opocTpoeHHe.  2004.  T.47,  Ns  1. 

[2]  Hhkh4)opob  B.O.,  YmaKOB  A.B.  YnpaBjieHHe  b  ycjiOBHax  Heonpe,a;ejieHHOCTH:  ayBCTBHTejiBHOCTB,  aflanTaipia,  po- 

6acTHOCTB.  Cn6:  Cn6rHTMO(TY),  2002. 


Interval  Linearization  in  a  Problem  of  Median  Modal  Management 

Sudarchikov  S.A.,  Ushakov  A.V. 

Saint  Petersburg  University  of  Information  Technologies,  Mechanics  and  Optics,  Russia 


A  problem  of  construction  of  the  interval  linearized  representation  for  a  nonlinear  dynamical  object  is  investigated. 
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yCJTOBM  OIITHMAJIbHOCTH  H  HHCJIEHHblE  METO^bl  PEIHEHM 
B  3AAAHAX  ynPABJIEHHH  rnnEPBOJlHHECKIIMn  chctemamh 

Tepjieu,KHH  B.A. 

HpKymcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  3a,n,aHa  onTHMH3an,HH,  b  KOTopoii  cbjob  Mencyiy  ynpaBjiemieM  h  cocToamieM  omiCBiBaeTCH 
rnnep6ojiiiHecKoii  CHCTeMofi  nojiyjiiiHeiiHBix  (jinHeftHBift  ^iicjDcjDepeHpiiajiBHBiii  onepaTop,  iiejiiiHeimaji  npaBaa 
nacTb)  MHoroMepHBix  (hiicjio  npocTpaHCTBeHHBix  nepeMeHHBix  He  MeHee  ,npyx)  Ai'I4)<i)ePeHIlI'iajIbHbIX  ypaBHe- 
hhh.  Kax  ii3BecTHO  (cm.,  iianpiiMep,  [1],  CTp.  305),  b  stom  cjiyuae,  BOo6m,e  roBopa,  He  cyipecTByeT  oqeHKii 
pocTa  peinem-ra  b  TOHKax  o6jiacTii  He3aBricriMBix  nepeMeHHBix  OTHOCHTejiBHO  bxo,h,hbix  napaMeTpoB  HauajiBHO- 
KpaeBOii  3a,a,aHH.  B  to  ace  BpeMH,  ,zyia  iiccjie^OBaHHH  salami  onTHMajiBHoro  ynpaBjiemia  MeTO,a,OM  npupamemiH 
Tanaa,  kslk  tobopht,  noTonenHaa  oqeHKa  pocTa  peinemra  Heo6xo,a,HMa.  A™  peinemra  stoii  npo6jieMBi  bbo,h,htc5i 
HOBoe  noHaTiie  o6o6iu,eHHoro  peinemra  runepbojiHHecKHx  cucTeM  MHoroMepHBix  ^HcJxJiepeHpHajiBHBix  ypaBHe- 
hhh.  CyTB  stoto  no.gxo.ii.a  3aKjnonaeTca  b  cae^yiomeM.  BHauajie  .zyra  hcxo,h,hoh  rHnep6ojiiiHecKoii  CHCTeMBi 
BBO,a,HTca  KOHTHHyajiBHoe  ceMeiicTBO  HHBapiiaHTHBix  cucTeM.  llapaMeTpoM  stoto  ceMeiicTBa  aBjiaeTca  BeKTop 
HanpaBjieHHH,  HMeKmura  Ty  ace  pasMepHOCTB,  hto  h  BeKTop  npocTpaHCTBeHHBix  nepeMeHHBix.  Ha  ocHOBe  i-iHBa- 
pnaHTHoro  ceMeiicTBa  nojiyneHa  HHTerpo-^HcjicjiepeHpHajiBHaa  cucTeMa,  SKBiiBajieHTHaa  Ha  rjia^Kiix  pememrax 
iicxo^Hoii  ^iicjicjiepeHpHajiBHOH  cucTeMe.  K  concanemuo,  miTerpo-flHcJwJiepeHpHajiBHaa  cucTeMa  b  o6m,eM  cjiyuae 
em,e  co^epaciiT  npon3BO,zi,HBie  ot  HHBapiiaHTOB  pemeHiia  no  npocTpaHCTBeHHBiM  nepeMeHHBiM.  O^Hano,  Haii^eH 
cnepHajiBHBiH  cnoco6  ycpe^Hemra  Taicon  chctombi,  kotopbih  no3BOJiaeT  nepeftTH  ot  npoH3BO,n,HBix  no  npocTpam 
CTBeHHBiM  nepeMeHHBiM  k  npoii3BO^i,HBiM  no  HanpaBjiem-iaM.  Oh  3aKjnonaeTca  b  annpoKCHMaqmi  nHTerpo-^Hcji- 
cjjepeHpuajiBHoii  CHCTeMBi  ceMeiicTBOM  iiHTerpajiBHBix  cucTeM,  pememia  kotopbix  aBjiaiOTca  npn6jiH>KeHHBiMH 
pernem-iaMi-i  HHTerpo-,n,Hcj3cl)epeHii,Ha.iiBHOH  chctcmbi.  npHbjnraceHHBix  pememm  y^aeTca  ycTaHOBHTB  iicko- 
Myio  noTonenHyio  opeHKy  pocTa,  a  Tanace  a6cojnoTHyio  nenpepBiBHOCTB  hx  HHBapiiaHTOB  b^ojib  cooTBeTCTBy- 
K)hi,hx  6nxapaKTepHCTHK.  JXsuiee  ^OKa3BiBaeTca,  hto  npnGmiacemiBie  pememia  cxo^aTca  npn  CTpeMjieHiiii  k 
Hyjno  napaMeTpa  ycpe^Hemia  k  o6o6m,eHHOMy  pememiio  b  HeKOTopoii  no,n,o6.jiacTH  o6jiacTii  He3aBiiCHMBix  ne¬ 
peMeHHBix.  nPH  3tom  Mepa  no^o6jiacTH  ckojib  yro^HO  Majio  OTjuiuaeTca  ot  3a^,aHHOi"i  o6jiacTii  He3aBiiCHMBix 
nepeMeHHBix.  AaHHOe  cboiictbo  o6o6m,eiinoro  pemeHiia  MoaceT  6bitb  nojioaceHO  b  ocHOBy  annpoKCHM apm-i  3a- 
flann  onTHMajiBHoro  ynpaBjiemra  h  ncnojiB30Bamia  ^,jia  ee  pemeHiia  MeTO^a  nocjie^OBaTejiBHBix  npii6jiHaceHHH, 
HanpiiMep,  no  cxeMe  pa6oTBi  [2]. 

JlHTepaiypa 

[1]  MiixaiijiOB  B.I1.  ,ZI,ii4><f>ePeHUHa.nbHbie  ypaBHeHiia  b  uacTHbix  npoH3BOflHbix.  -  M.:  HayKa,  1983.  -  424  c. 

[2]  BacmibeB  O.B.,  CpouKO  B.A.,  TepaepKiiii  B.A.  MeTOflbi  onTHMH3apnn  h  hx  npiuioaceHiia.  H.2.  OnTHMajibHoe  ynpaB- 
jieHiie.  -  Hoboch6hpck:  HayKa,  1990.  -  151  c. 

Optimality  Conditions  and  Numerical  Methods  in  Hyperbolic 
Systems  Control  Problems 

Terletskii  V.A. 

Irkutsk  State  University,  Russia 

An  optimization  problem  is  considered  in  which  the  relation  between  control  and  state  is  described  by  a 
hyperbolic  set  of  semi-linear  multi-dimensional  differential  equations.  A  new  concept  of  a  generalized  solution 
for  hyperbolic  multi-dimensional  differential  equations  is  introduced. 
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PEJIAKCAIJM  B  HEBbinyKJIbIX  3AflAHAX 
onTHMAJibHoro  ynPABJiEHna 

TojiCTOHoroB  A. A. 

HHcmumym  dunaMUKU  cucmeM  u  meopuu  ynpaenenun  CO  PAH,  HpnymcK,  Poccua 

B  cenapa6ejibHOM  rnjiB6epTOBOM  npocTpaHCTBe  paccMaTpiiBaeTCH  3a,n,aHa  mhhhmh33I]hh  iiHTerpajiBHoro  cjryHK- 
pi-iOHajia  c  HeBBinyKjiBiM  no  ynpaBjieHino  HHTerpaHTOM  Ha  pememiax  ynpaBjiaeMon  chctcmbi,  omiCBiBaeMoii 
HejiriHenHBiM  sbojiiopiiohhbim  ypaBHemieM,  c  HeBBiny kjibimh ,  3 a b h c m i hh m h  ot  c]3a30B0ii  nepeMennoii,  orpami- 
neHHHMH  Ha  ynpaBjieHiie.  9bojhoh,hohhbih  onepaTop,  bxo/uiiuhh  b  cncTeMy,  HBjiaeTCH  cy6,n,H4x})epeHn,HajiOM 
co6cTBeHHOi"i,  BBinyKjioii  nojiyHenpepBiBHoii  cm-i3y  (J)yHKH,HH.  Hapjpiy  c  iicxo,h,hoh  sa^aueii  paccMaTpiiBaeTCH 
pejiaKcapiioiiHaa  3a,n,aHa  c  OBBinyKjieHHBiM  no  ynpaBjiemno  riHTerp aHTOM  h  c  OBBinyKjieHHBiMi-i  orpaHiineHH- 
simh  Ha  ynpaBjiemie.  no,n,  pernem-ieM  cucTeMBi  nomiMaeTCH  napa  «TpaeKTopHH-ynpaBjienne».  hto 

pejiaKcaip-ioimaH  3a^,aua  HMeeT  pernem-ie  h  ^jih  jno6oro  onTiiMajiBHoro  pememiH  cyrpecTByeT  MHHHMH3iipyio- 
m,aH  nocjie,n,OBaTejiBHOCTB  iicxo,h,hoh  3a^anH,  cxo^amaacH  no  TpaeKTopiiHM  h  c^yHKnjiOHajiy  k  onTiiMajiBHOMy. 
CnpaBe^jiiiBO  h  o6paTHoe  yTBepnygeinie.  no,n,o6HBiH  pe3yjiBTaT  pflu  ynpaBjraeMBix  chctcm  HBjiaeTCH  aHajioroM 
KjiacciinecKoii  TeopeMBi  H.H.  Borojiro6oBa  b  BapiianyiOHHOM  hchhcjichiiii.  B  xauecTBe  npiuionceHiia  paccMOTpeHa 
BeKTopHaa  napa6ojiHnecKaa  ynpaBjiaeMaa  cucTeMa,  omiCBiBaromaa  (J>a30BBie  nepexo,n,Bi  b  MHoroKOMnoHeHTHBix 
cpe,n,ax.  B  ocHOBy  ^,OKa3aTejiBCTB  nojionceHBi  TeopeMBi  pejiaKcanyin  pjm  HenpepBiBHBix  cejieKTopoB  MHoro3Hau- 
hbix  OTo6pa»ceHHH  c  HeBBinyKjiBiMH  3 Ha( re h  h mm  h  ,  npiiHa^i,jie>Kaiii,He  aBTopy. 


Relaxation  in  Non-Convex  Optimal  Control  Problems 

Tolstonogov  A. A. 

Institute  for  System  Dynamics  and  Control  Theory,  Siberian  Branch  of  RAS,  Irkutsk,  Russia 

The  problem  is  considered  of  minimizing  an  integral  functional  with  integrand  that  is  not  convex  in  the 
control,  on  solutions  of  a  control  system  described  by  nonlinear  evolution  equation  in  a  separable  Hilbert  space. 
Evolutions  operators  are  subdifferential  of  a  proper  convex  lower  semicontinuous  function  depending  on  time. 
The  constraint  on  the  control  is  given  by  depending  on  variable  states  multivalued  function  with  non-convex 
values.  Along  with  the  original  problem  we  consider  the  relaxation  problem  in  which  the  integrand  and  the 
constraint  on  the  control  are  convexified.  Our  goal  is  to  establish  an  interrelation  between  the  solutions  of  the 
original  and  relaxation  problems. 


HEJIHHEHHAH  TEOPHH  VI I  PA  BJIEHHH 
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CHHTE3  PEryJlSTOPA  IIEPBOrO  nOP^KA  RJISL 
CTAEHJIH3AD;HH  ^BOHHOrO  nEPEBEPHYTOrO  MASTHHKA 

<J>e/],iOKOB  A. A. 

HucHceeopodcKuu  socydapcmeennuu  ynueepcumem  um.  H.H.  JIoSaueecKozo,  Poccuh 


0/3,hoh  H3  KjiaccHnecKHx  3a^3,an  b  Teopini  ynpaBjiemiH  HBjiHeTCH  3a/3,ana  CTa6njiH3aii,HH  nepeBepHyToro  MaaTHiiKa 
no  coctohhiiio,  T.e.  cjiyuaft,  Kor,n,a  cocToam-ie  MaaTHiiKa  ,n,ocTynHO  H3MepeHino.  B  npiiKjia,n,Hbix  3a^anax  Hao6o- 
poT,  nacTO  pasMepHOCTb  ii3MepaeMoro  Bbixo,n,a  m-race,  neM  pa3MepHOCTb  coctohhiih  ciiCTeMbi.  B  stom  cjiynae 
^jih  CTa6njiH3an,HH  MaaTHiiKa  mojkho  i-icnojib30BaTb  ^HHaMnnecKHit  peryjiHTop.  B  .gOKjia^e  paccMaTpimaeTCH 
3a^ana  crraf)Hj[H3anHH  ,n,BOHHoro  nepeBepHyToro  MaaTHiiKa  c  noMom,bio  jiimenHoro  ^imaMnnecKoro  peryjiHTopa 
noHi-raceniioro  nopn,n,Ka  no  H3MepneMOMy  Bbixo,n,y.  06T>eKT  onncbiBaeTCH  ypaBHeHHHMi-i : 


x  =  Ax  +  Bu 
V  =  Cx, 


rpfi  x  £  R 4  —  cocTOHHne  cncTeMbi,  u  £  R1  —  ynpaBjienne,  y  £  R2  —  HSMepneMbiH  Bbixo,n,  cncTeMbi,  a  MaTpnpbi 

A,  B i,  £?2  HMeiOT  cjie^yroipHH  bh^: 
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0 

0 

0 

1 

,  B  = 

0 

2 

-1 

0 

0  1 

1 

1 

to 

2 

0 

0  ) 

l 0  / 

1  0  0  0  \ 

0  1  0  0  )  ' 


Tpe6yeTcn  nocTpoiiTb  jiHHefiHbiH  ^HHaMnnecKnit  peryjiHTop  k- ro  nopn,n,Ka  no  npi-rapiiny  o6paTHoii  cbh3ii  no 
H3MepneMOMy  Bbixo,n,y  y  b  Bii^e: 

xr  =  Arxr  +  Bry  .  , 

u  =  Crxr  +  Dry ,  ^  ' 

rpfi  xr  £  Rk  —  cocTOHHne  peryjiHTopa,  o6ecneniiBaioiu,ero  aciiMnTOTHnecKyio  ycTonmiBOCTb  3aMKHyToii  chctcm™ 

(1),  (2). 

3a^,ana  cbo,h,htch  [1]  k  pemeHino  HeBbinyKjioii  salami,  a  hmchho  k  noncKy  ,n,Byx  B3anMOo6paTHbix  MaTpnn, 
X  =  XT  >  0  h  Y  =  YT  >  0,  T.e.  Taxiix,  hto  XY  =  /,  ynoBjieTBopsnoniHx  AByM  JiHHenHbiM  Marpn'iHbiM 
HepaBeHCTBaM.  ^jih  ee  pememiH  ncnojib3yeTCH  Q-ajiropiiTM  noncKa  B3aiiMOo6paTHbix  MaTpnn,. 

BbiHHCJiiiTejibHbie  3KcnepnMeHTbi  npoBO^iuincb  b  cncTeMe  MATLAB.  Tpe6oBajiocb  CHHTe3npoBaTb  /pmaMH- 
necKHH  peryjiHTop  nepBoro  nopn^Ka. 

Tohhoctb  pememiH  3a^,ann  onTHMH3 an,nn  6buia  Bbi6paHa  paBHoii  e  =  10_o.  B  pe3yjibTaTe  6bijio  nojiyneHO, 
hto  HCKOMbifi  peryjiHTop  onncbiBaeTCH  ypaBHeHHHMn: 


±r  =  -8.47770a;,.  -  3.8599yi  +  11.3614y2 
u  =  -22.7817a;r  -  21.4799yi  +  40.8038j/2- 

MaTpnpa  3aMKHyToii  cncTeMbi  HMeeT  co6cTBeHHbie  3HaneHiiH : 


Xi  =  -7.0975,  A2>3  =  -0.2964  ±  2. 6608i,  A4  =  -0.7098,  A5  =  -0.0770, 


jiextamne  cjieBa  ot  mhiimoh  och. 

JlHTepaTypa 

[1]  BajiaHflHH  /f.B.,  KoraH  M.M.  CnHTe3  peryjiHTopoB  Ha  ocHOBe  pememiH  jiiiHeiiHBix  MaTpiiHHBix  HepaBeHCTB  h  ajiro- 
piiTMa  noncKa  B3aHMOo6paTHBix  MaTpnn,  //  ABTOMaTiiKa  h  TejieMexaHHKa  2005.  A"2!.  C  82-99. 


First  Order  Regulator  Synthesis  for  the  Stabilization  of  a 
Double  Reversed  Pendulum 
Fedyukov  A. A. 

Nizhny  Novgorod  State  University  named  by  N.I.  Lobachevsky,  Russia 

In  this  talk,  a  problem  of  stabilization  of  a  double  reversed  pendulum  using  a  linear  dynamical  regulator  with 
reduced  order  over  the  measured  output  is  studied. 
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OnTHMAJIbHOE  yilPABJIEHHE  AM^SHOHHblMH  nPOIIECCAMH 
C  HH<SOPMAItHOHHbIMH  OrPAHH^EHHflMH  IIPM  HAJIHHHH 
B03Mym;EHHH  MATPHIJbl  CnCTEMbI,  riOrPEIHHOCTEH 
ynPABJIEHHH  n  H3MEPEHM  BEKTOPA  COCTORHM 

XpycTajieB  M.M.,  PyMaHpeB  ,ZJ.C. 

MocKoecKuu  aeuayuounuu  uHcmumym  (mexHunecKuil  ynueepcumem),  Poccua 

Hccjie,n,yeTCH  3a/i,aHa  onTHMajiBHoro  ynpaBjieHiia  CTOxacTiinecxon  jiHHefiHoit  no  coctohhhio  cncTeMBi  ynpaBjie- 
hhh  c  ko 3 c}i) (.}) h n h e h rra m h  /picJxpyaHH,  3aBiicjnn,iiMii  xax  ot  BeKTopa  coctohhiih,  Tan  h  ot  ynpaBjiemiH.  ,HHHaMH" 
necKHit  npopecc  onncBiBaeTca  cncTeMoft  ypaBHemiii  Hto: 

dXi{t)  +  B.ia(^t^Uo^  dt  d"  d/Wj  (t  J ,  ^  ^ 

i,s  =  l,n,  a=l,m,  1  =  1,  is. 

npopeccca  (1)  ycTaHOBjieH  xBa/ipaTHHHBiii  xpnTepnii  xanecTBa  ynpaBjiemiH 
^1 

J  =  I  I  [\Di3  0 t)xiXj  +  Sai(t)xiUa  +  \Eap(t)uaup\  p{t,x)dxdt+ 

to  Rn 

+  f  [^QijXiXj]  p(ti,x)dx  — >  min, 

Rn 

r/i,e  p(t,x)  -  njiOTHOCTB  pacnpe,a,ejieHiiii  coctohhiih  b  momcht  t,  x  =  {x\, . . .  ,xn)T. 

lIpe^nojiaraeTCH,  hto  H3MepjieTC5i  jinniB  nacTB  KOMnoHeHT  BeKTopa  coctohhiih  cucTeMBi.  C  HcnojiB30BamieM 
MeTO,a,a  JlanyHOBa-JIarpaHnca  n  pe3yjiBTaTOB  pa6oTBi  [1]  npe,a,jio>KeHBi  ycjiOBiia  onTHManBHOCTii  /pm  OTBicxamia 
CTpaTen-ii-i  ynpaBjiemiH,  3aBiicjmi,eii  ot  H3BecTHBix  KOMnoHeHT  BexTopa  coctohhiih.  IIpo6jieMa  ciiHTe3a  ynpaBjie- 
hhh  cbo/3,htch  k  pemeHiiio  xpaeBoii  3a/3,ann  pjm  cncTeMBi  o6biKHOBeHHBix  //H4xJ>epemi,HajiBHBix  ypaBHemiii  Ti-ina 
PuKKaTH. 

ITojiynemiBie  ycjiOBiisi  pemaiOT  3a/i,any  onTHMajiBHoro  ynpaBjiemiH  CTOxacTiinecxon  jiHHefiHOH  chci’Cmoh 
ynpaBjiemiH,  b  MaTpiipe  KOTopoii  HMeiOTCH  cjiynaiiHBie  He  H3MepaeMBie  B03MymeHHH,  hto  //ocTiiraeTca  nyTeM 
nepeMem,eHHH  cjiynaiiHBix  BejiiimiH  H3  xo3c]xJ>Hii,HeHTOB  CHOca  b  xo34xf>mh'ieH™  //HcJxJiysHH. 

B  cjiynae,  xor/i,a  //HHaMHHecxaa  cucTeMa  (1)  ynpaBjiaeTca  HeTOHHO  h  npn  peajiH3an,mi  coctohhiih  cncTeMBi 
HMeiOTCH  cjiyHaiiHBie  omiibxii  HSMepemix,  npe/yioxceHHaji  Teopira  no3BOjiaeT  HafiTH  pememie  Taxofi  3a/i,aHH  3a 
cneT  BBe/i,eHHH  //onojimiTejiBHBix  nepeMeHHBix  b  ncxo/i,Hyio  cucTeMy  (1).  K  npeo6pa30BaHHOi"i  CHCTeMe  npi-iMe- 
hhmbi  nojiyHeHHBie  ycjiOBiisi  onTiiMajiBHOCTii. 

JlHTepaiypa 

[1]  PyMaHi/eB  ,ZI,.C.,  XpycTaxeB  M.M.  OnTHMajibHoe  ynpaBjieHiie  KBa3HjiiiHeiiHMMH  CHCTeMaMH  /i,nc|xf>y3iiOHHoro  Tuna 
npn  HenojiHoii  HHtjnopMai/HH  o  coctoshhh  / /  H3b.  PAH.  Teopaa  h  cacTeMbi  ynpaBjieHiia.  -  2006.  -  N  5. 


Optimal  Control  of  Diffusive  Processes  with  Information  Restrictions  under 
Conditions  of  System  Matrix  Perturbations,  Control  and 
State  Vector  Measurements  Errors 
Khrustalev  M.M.,  Rumyantsev  D.S. 

Moscow  Aviation  Institute,  Russia 

A  problem  of  optimal  control  of  a  stochastic  linear  system  with  diffusion  coefficients  depending  on  both  state 
vector  and  control  is  investigated. 
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MAKCHMAJIbHA5I  KOPPEMIJM  H  CTATHCTHHECKA5I 

JlHHEAPH3AD;nH 

HepHtmieB  K.P. 

MHcmumym  npo6AeM  ynpaejiemm  um.  B.A.  Tpane3HUKoea  PAH,  Mooted,  Poccua 

Pernem-ie  salami  H^e h rr h h Ka n h h  CTOxacTiinecKiix  ci-iCTeM  Bcer,n,a  ocHOBaHO  Ha  npuMeHeHini  Tex  i-ijih  imbix 
Mep  3aBHCHMOCTH  cjiynairabix  BejiiiHHH  (npopeccoB).  Ilpn  stom  rjiaBHbiM  He^ocTaTKOM  Mep  3aBHCHMOCTH,  ocho- 
BaHHblX  Ha  «Tpa,H,HH,HOHHOH»,  JIHHeHHOH,  KOppe  JIJHI,HH ,  JIB  JIHeTCH ,  KaK  H3BeCTHO,  B03MOJKHOCTB  IIX  o6pam,eHIIH 
b  Hyjib  ^,a»ce  b  cjiynae  cymecTBOBaHini  ^geTepMUHiipoBaHHOH  3aBHCHMOCTH  Me>Kyiy  napofi  uccjie^yeMbix  nepe- 
MeHHbix.  IlMeiiHO  Ha  npeo^ojiemie  stoto  He^ocTaTKa  HanpaBjieHO  Hcnojib30BaHi-ie  b  sa^anax  H^e  h  t  h <j) h  Ka  n  h  h 
cocTOHTejibHbix,  no  TepMHHOJiorHH  A.H.  KojiMoropoBa,  Mep  3aBHCHMOCTH,  to  ecTb  o6paiu,aioiii,HxcH  b  Hyjib  to- 
r^a  h  tojibko  TOgga,  Kor^a  nepeMeHHbie  H3  .gaHHOH  napbi  hbjihkjtch  CTOxacTiinecKH  He3aBHCHMMMH.  Tarcue 
Mepbi  Bcer^a  HejiiiHeiiHbi.  Oco6oe  3HaHemie  no,n,o6Hbie  Mepbi  3aBHCHMOCTH  npe^CTaBjnnoT  ,zyi a  3a,n,aH  HejiiiHeii- 
hoh  H,qeHTH<J)HKaH,HH,  b  tom  Hiicjie  —  CTaTHCTHHecKOH  jiHHe apii3 api-ni .  B  ^,aHHOM  KOHTeKCTe  o6pam,aiOT  Ha  ce6a 
BHHMaHHe  pafioTbi  [1,  2],  r^e  paccMaTpiiBaeTCH  o^ho  «o6o6memie»  MeTO,n,a  CTaTHCTHHecKOH  jiHHeapri3au,HH .  Ka- 
BbiHKH  b  flaHHOM  cjiynae  ncnojib30BaHbi  nocTOJibKy,  nocKOJibKy  3a,n,aHa  co6ctb6hho  jiHHeapii3au,HH  He  pemaeTCH, 
a  3aMeHHeTCH  annpoKCHMapHeii  iicxo,n,Horo  o6T>eKTa  HeKOTopoii  HejiiiHeimoH  MO,n,ejibio  H3  3a,n,aHHoro  Kjiacca  [3] . 
Mo^ejin  TaKoro  Kjiacca  HasBaHbi  b  [1,  2]  nojiyjiHHeHHbiMii.  Hoaypi  113  3Toro,  h  caM  MeTO,a,  ecTecTBermee  6bijio 
6bi  na3biBaTb  «CTaTHCTHHecKaH  nojiyjiHHeapn3aii,H5i»  3,n,ecb  Heo6xo,n,HMO  OTMeTHTb,  hto  onpe^ejieHiie  KOMno- 
HeHT  MO,a,ejiH  hocht  cyry6o  ^,eKjiapaTHBHbiii  xapaKTep  h  He  BbiTeKaeT  co6cTBemio  H3  npe^CTaBjieHHbix  b  [1,  2] 
KpiiTepneB  «jiHHeapH3au,HH»  (nepBbiii  —  coBna^em-ie  MaTeMaTiinecKiix  oxa-maHi-iii  Bbixo^a  o6T>eKTa  h  Bbixo^a 
MO,a,ejiH,  h  coBna^emie  cjDyHKpiiOHajibHbix  aBTOKoppejiapHOHHbix  cjjyHKpiiH  Bbixo^a  o6T>eKTa  h  Bbixo,a,a  MO^ejin; 
BTopofi  —  MHHHMyM  cpe,n,HeKBa,iipaTHHecKOH  ohiii6kh).  Cjie^yeT  OTMeTHTb  cpe,n,H  nponero  h  neonpe^ejieiinocTb 
cjjopMyjiiipoBKH  nepBoro  KpiiTepiiH  jiiiHeapiisapiiH  (nocKOJibKy  He  yica3aHO  ycjiOBini  Bbi6opa  co6cTBeririo  cjjyHK- 
pi-iOHajibHbix  npeo6pa30BaHiiii) ,  a  ,n,OKa3aTejibCTBa  cooTBeTCTByiomux  yTBepnynpHHH  OTcyTCTByiOT  [3]. 

B  nacToameii  pa6oTe  npe^CTaBjieri  no.gxo,!],  k  CTaTHCTHHecKOH  jiriHe apii3 au,HH  Bxo,n,o-Bbixo,ii,Horo  OTobpajKeHiui 
He  JIHHeHHOH  ^HCKpeTHO-BpeMeHHoii  CTOxacTH'iecKOH  cucTeMbi  c  6ejiomyMHbiM  rayccoBCKiiM  bxo^hbim  npopeccoM, 
ocHOBaHHbiii  Ha  npi-iMeHeHini  MaKCHMajibHofi  Koppejijm,HOHHoii  <J>yHKii,HH.  ITpn  stom  KpiiTepiieM  CTaTHCTHHecKOH 
jiHHeapi-i3au,HH  hbjuhotcji  ycjiOBiie  coBna^eHiiH  MaTeMaTiinecKiix  OHd-maHi-iii  Bbixo,n,Hbix  npopeccoB  cucTeMbi  h 
MO,nejiH  H  ycjiOBiie  coBna^emiJi  B3aiiMHbix  MaKCiiMajibHbix  KoppejnmnoHHbix  cjiyHKpHH  Bbixo,a,Horo  h  Bxo,a,Horo 
npopeccoB  cucTeMbi  h  Bbixo,n,Horo  h  Bxo,a,Horo  npopeccoB  MO^ejui.  IlojiyHeHbi  jiBHbie  BbipanceHiia  .zyui  koscJdcJdh- 
pneHTOB  BecoBOii  cjiyHKHHH  jiHHeapn30BaHH0ii  MO,H,ejin,  npefljio»ceH  no.gxo,!],  k  HCKjnoHeHiiio  BjiHHHHe  BHeniHiix 
HeHa6jno,H,aeMbix  a.nniTTHBHbTx  B03Myiu,eHHH  Ha  Bbixo^e  cucTeMbi  b  ycjiOBiiHx,  Kor,n,a  iiMeeTCH  anpuopHaa  im4)op- 
MapiiH  o  BH^e  hx  pacnpe^ejieHHH. 
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Maximal  Correlation  and  Statistical  Linearization 

Chernyshov  K.R. 

V.A.  Trapeznikov  Institute  of  Control  Sciences,  Moscow,  Russia 

The  paper  presents  an  approach  to  the  statistical  linearization  of  the  input/output  mapping  of  a  non-linear 
discrete-time  stochastic  system  driven  by  a  white-noise  Gaussian  process.  The  approach  is  based  on  applying 
the  maximal  correlation  function.  At  that,  the  statistical  linearization  criterion  is  the  condition  of  coincidence  of 
the  mathematical  expectations  of  the  output  processes  of  the  system  and  model,  and  the  condition  of  coincidence 
of  the  joint  maximal  correlation  functions  of  the  output  and  input  processes  of  the  system  and  the  output  and 
input  processes  of  the  model.  Explicit  expressions  for  the  weight  function  coefficients  of  the  linearized  model  are 
obtained;  an  approach  to  eliminate  the  influence  unobservable  output  additive  disturbances  under  conditions 
when  a  priori  information  on  the  type  of  their  probability  distribution  is  available  is  proposed. 
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NONLINEAR  CONTROL 


AHAJIHTHHECKOE  HCCJIE^OBAHHE  BJIHHHHH  BH3KOCTH  HA 
HEJIHHEHHblE  OCIJHJIJIHIJHH  3APHHCEHHOH  CTPYH 
3JIEKTPOnPOBOAHOH  HCHAKOCTH 

Hlnpaena  C.O.,  BojiKona  M.B. 

flpocjiaecKuu  eocydapcmeennuu  ynueepcumem  um.  II.  R  eMudoea ,  Poccuh 

Ilccjie^OBaHiie  ochhjijihuhh  ii  ycTOiiHiiBOCTii  3apa»ceHHBix  CTpyii  bh3xoh  >kii,h,kocth  npe^CTaBjuieT  iiHTepec  b 
CBH3II  C  MHOrOHI-ICJieHHBIMII  a Ka; (,e M H ' I ec K H M H ,  TeXHH'ieCKHMH  H  TeXHOJIOrHHeCKHMH  1 1 p H J [ 0>K6 H H M M  H  (JjeHOMeHa 
pacna,n,a  CTpyii  Ha  xanjm.  Ho  ecjin  Tpn  ,n,ecjiTxa  jieT  Ha3a,n,  3HaHiiTejiBHaH  uacTB  iiccjie^OBaHiiii  xax  sxcnepiiMeH- 
TajiBHBix,  Tax  h  TeopeTHHecKiix  6bijia  opiieHTiipoBaHa  na  paapaboTxy  cnoco6oB  nojiyueHiui  noTOKOB  moho,h,iic- 
nepcHBix  xanejiB  >kh;i;kocth,  to  nocjie,n,HHe  nojiTopa  ,n,ecjiTxa  JieT  npi-iopi-iTeT  CMecTiuicn  b  CTopoHy  iiccjie^OBaHiiH 
3aKOHOMepHOCTeii  sjiexTpocTaTiiuecxoro  nojiimiicnepraipoBaHiiH  namxocTii.  B  ocHOBe  HBjieHiia  sjiexTpocTaTiiue- 
ckoto  nojiiifliicnepriipoBaHiiH  iximxocTii  jiejxiiT  (f>eHOMeri  HeyCTOHHIIBOCTH  3apH>xeHHOH  noBepxHOCTi-i  iximxocTii 
no  OTHomemiio  k  flaBjieHiiio  sjiexTpiiuecxoro  nojia:  xoiyi,a  jiOKajiBHoe  ^aBjiemie  sjiexTpiiuecxoro  nojia  Ha  cbo- 
6o,n,Hyio  noBepxHOCTB  jxi-mxocTii  nojin  npeBBiciiT  jiOKajiBHoe  jianjiacoBCKoe  ^,aBjieriiie  sapsoxemian  noBepxHOCTB 
Hti-mKOCTi-i  BBi6pacBiBaeT  CTpyiixy  jxi-mxocTii,  xoTopan  pa36iiBaeTca  Ha  OT,n,ejiBHBie  chjibho  3apn>xeHHBie  xanejiB- 
kh.  9tot  (JjeHOMeH  peajiH3yeTca  ^jih  njiocKoii  3apH>xeriHOH  noBepxHOCTi-i  iximxocTii,  pjm  3apa»ceHHBix  xanejiB 
cbo6o,h,ho  na,n,aioiii,Hx  bo  BHemm-ix  sjiexTpiiHecxnx  nojiax,  rjih  xanejiB,  oceBinux  Ha  TBep,nyio  noBepxHOCTB  bo 
BHemHeM  sjiexTpiiuecxoM  none,  h  ,h,jih  MerniCKOB  jxi-mxocTii.  B  3aBiiciiMOCTii  ot  <}>  11 3 h ko- x h m h ' i ec k h x  cbohctb 
>Ki-mKOCTH  h  reoMeTpiiii  sjiexTpuuecxoro  nojia  HacniiTBiBaeTca  okojio  ^ecnTxa  pa3JiiiHHBix  peixiiMOB  sjiexTpo- 
CTaTrmecKoro  nojiimiicnepraipoBaHiiH  jxh,h,xoctii,  Ha6jno,zi,aeMBix  sxcnepiiMeHTajiBHO.  TeopeTiiuecxoe  >xe  iictoji- 
KOBaHrie  SToro  o6cTOHTejiBCTBa  Haxo,n,iiTC5i  b  HauajiBHoii  CTa,n,Hii  b  Bii^y  MarreMaTH'iecKOH  cjiohchocth  npo6jieMBi. 

H3  MHoacecTBa  bo3mo>khbix  iipinum  MHoroo6pa3HH  sxcnepiiMeHTajiBHO  peajiii3yiomHxcH  peacHMOB  sjiex- 
Tpo^Hcnepri-ipoBaHHH  moixho  yxa3aTB  Ha  MHoroo6pa3iie  iiauajiBHBix  ycjiOBiiii,  cnoco6cTByioiii,Hx  B036y»c,ii,eHHio 
HeocecriMMeTpriHHBix  mo,h,  och,hjijihh,hh,  3axoHOMepHOCTii  peaniisapiiii  HeyCTOHHIIBOCTH  xoTopnix  ii3yueHBi  noxa 
He,n,ocTaTOHHO  nojiHO.  CorjiacHO  pe3yjiBTaTaM  padoT,  nocBJimeHHBix  TeopeTiiuecxoMy  a  h  aj  i  h  t  h  '  1  ec  ko  m y  uccjie- 
flOBaHHK)  JIIIHeiiHBIX  H  HejIIIHeilHBIX  OCH,HJIJIHH,HH  HeOCeCHMMeTpHHHBIX  MO,U,,  IIHXpeMeHTBI  IIX  HeyCTOHHIIBOCTH  B 
3aBHCHMOCTH  OT  BH3XOCTI-I  H  3JieXTpOnpOBO,H,HOCTH  >XH,H,XOCTH  MOTyT  npeBBIHiaTB  IIHXpeMeHTBI  HeyCTOHHIIBOCTH 
ocecHMMeTpHHHBix  MO,n,  ii  onpe^ejiHT  xapTiiHy  nojnmucnepcHoro  pacna,n,a  CTpyii.  3axoHOMepHOCTii  nepeHOca 
SHepniii  Menyny  pe30HaHCH0  B3aiiMO,n,eiicTByioiii,HMH  MO^,aMii  yxa3BiBaiOT  Ha  HajiiiHiie  onpe,n,ejieHHOH  aciiMMeT- 
Phh  b  HanpaBjieHiiii  nepeHOca  SHepmiii  Me*c,ny  oceciiMMeTpiiHHBiMH  h  HeoceciiMMeTpiiHHBiMii  MO,zi,aMH.  Hejm- 
HeiiHBie  nonpaBxn  x  nacTOTaM  och,hjijihh,hh  HeoceciiMMeTpiiHHBix  mo,h,  Ha  pa3HBix  ynacTxax  peajiBHoii  CTpyii 
c  (jiopMOH,  OTjiiiHaiomeiicH  ot  H,iijiHH,ii,pHHecxoii  h  iiMeiomeii  Ha  pa3JiiiHHBix  ynacTxax  pasjniHHyio  hjiothoctb 
noBepxHOCTHoro  3apa,n,a,  MoryT  hmci’b  pa3HBii"i  3Hax  h  6y^yT  no  pasHOMy  bjihhtb  Ha  ycTOimiiBOCTB  pa3jiiiHHBix 
ynacTxoB  CTpyii.  Bojiee  toto,  Bee  npoBe^eHHBie  x  HacToaiii,eMy  BpeMenii  aHajiiiTHHecxiie  iiccjie^OBaHHH  HejniHeii- 
hbix  och,hjijihh,hh  CTpyii  BH3XOH  jxii,n,xocTH  BBinojiHeHBi  ,n,jia  npii6jiiiJxeHH5i  «tohxoh  CTpyn»,  xor^a  pa,n,iiajiBHoe 
pacnpe^ejieiine  nojia  cxopocTeii  TeneHiia  jxh,h,xocth  b  CTpye,  CBH3aHHoe  c  ee  och,iijijihh,hhmh,  cmiTaeTca  o,h,ho- 
po,n,HBiM  (He3aBiicaiii,HM  ot  pa,n,iiajiBHOH  nepeMeHHoii).  B  TaxoM  npnGjiiuxeiiiiii  pa^najiBHaa  xoMnoHeHTa  nojia 
cxopocTeii  TeneHiia  jxii,h,xocth  paBHa  Hyjno  h  ypaBHeHiie  6ajiaHca  3apa^a  Ha  noBepxHOCTi-i  CTpyii  ne  MOixeT 
6bitb  BBinucaHO  CTporo.  B  cbh3h  co  cxasaHHBiM  b  HacToaipeM  paccMOTpeHiiii  npoBO,n,iiTCH  CTponiii  HejiiineHHBiH 
acHMnTOTHHecxHH  aHajiii3  HejiiiHeiiHBix  ocpiijuiapiiii  CTpyii  bh3xoh  >xh;i,kocth,  xor^a  npeHe6peraTB  Heo,n,Hopo,ii,- 
hoctbk)  pa,n,iiajiBHoro  pacnpe,n,ejieHHH  nojia  cxopocTeii  nejiB3a. 


The  Analytical  Investigation  of  a  Viscosity  Influence  on  Charged  Thick  Jet  of 
Conductive  Liquids  Nonlinear  Oscillations 

Shiryaeva  S.O.,  Volkova  M.V. 

Yaroslavl  Demidov  State  University,  Russia 


The  analytical  solution  of  the  nonlinear  oscillation  of  a  thick  jet  of  a  viscous  conductive  liquids  problem  is  derived. 


HEJIHHEHHAH  TEOPHH  VII PA  BJIEHHH 
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3AAAHH  AAAIITHBHOrO  MHHHMAKCHOrO  YIIPABJIEHHH 
nPOttECCOM  CBJIH>KEHH5I-yKJIOHEHH5I  B  AHCKPETHBIX 
AHHAMHHECKHX  CHCTEMAX 

IIIopHKOB  A.®. 

ypajibCKUu  eocydapcmeeHHUu  9K0H0MunecKuu  ynueepcumem,  Poccua 

B  ^aHHOM  .npxjia^e  paccMaTpimaiOTCJi  3a,n,aHH  a^anTHBHoro  MimiiMaxcHoro  ynpaBjieHHH  npopeccoM  npecjie^OBa- 
HiiH-yKjiOHeHiiH  c  HenojiHoii  h h <f) o p m a h h e h  (cm.  [1-4])  pjm  HecxojiBxnx  ynpaBjiaeMBix  o6T>exTOB.  ftpi iaMHxa  Bcex 
o6i>exTOB  Ij,  i  €  1  ,n  =  {1,2,..., n}  h  o6i>exTa  II  (ynpaBjiaeMBix  n  npecjie^OBaTejiHMi-i  Pj  h  yKjiOH5nom,iiMCH 
E  COOTBeTCTBeHHo)  Om-ICBIBaiOTCJI  JIHHeifflMMH  HJIH  HejIHHeHHBIMH  ^.HCKpeTHBIMII  pexyppeHTHBIMH  BeKTOpHBI- 
mh  ypaBHeHiiHMii.  IIpe^nojiaraeTCH,  hto  xaHygniii  npecjie^OBaTejiB  Pj  3HaeT  3HaHeHiiH  npomjiBix  peajiHsanHH 
ynpaBjiaiomero  B03^eiicTBiiH  Ha  o6i>exT  Ij,  ynpaBjiaeMBiii  i-im.  Ka>x^,OMy  npecjie^OBaTejiro  Pj  Taxxe  ii3BecTHBi 
3HaHeHiia  npomjiBix  peajiH3aH,iiii  cooTBeTCTByromero  eMy  h h c}:> o p m a ii, h o h h o i  o  curHana  06  o6T>exTe  II,  ii3MepaeMO- 
ro  c  ohih6xoh,  xoTopBiii  reHepiipyeTca  .nyicxpeTHBiM  bcxtophbim  ypaBHemieM,  3aBHCHin,iiM  jihhchho  ot  cjiaaoBBix 
BexTopoB  o6T>exTa  II,  h  nepe3  MaTpimy,  onpe^ejiaromyro  jniHeimoe  npeo6pa30BaHiie,  3aBiiciiT  ot  peajiii3aii,HH 
cjjasoBBix  BexTopoB  o6T>exTa  Ij .  IIpe^nojiaraeTCH,  hto  xa>xyi,OMy  npecjie^OBaTejiro  Pj  ii3BecTHBi  MHoacecTBa,  orpa- 
HiiHHBaK>m,iie  H3MeHeHHe  Bcex  anpiiopii  Heonpe^ejieHHBix  napaMeTpoB  b  ypaBHemrax,  oniiCBiBaromiix  .gi-maMi-ixy 
o6T>exTOB  Ij  h  II,  h  nocTynjieffl-ie  cooTBeTCTByromero  eMy  iiHc^opMapiioiiHoro  curHajia.  Ka>x^,oe  H3  sthx  mho- 
>xecTB  HBjiaeTca  BBinyxjiBiM  MHororpaHHiixoM  hjih  xoMnaxTOM  b  cooTBeTCTByiomeM  xoHeHHOMepHOM  BexTopHOM 
npocTpaHCTBe .  B  paccMaTpiiBaeMOM  npopecce  npe^nojiaraeTca  Taxace,  hto  cyipecTByeT  npecjie^OBaTejiB  P  — 
xoop^HHaTop  o6m,ero  npopecca  npecjie^OBaHiia,  xoTopoMy  ii3BecTHa  bch  iin^opMapiia  ^.ocTynHaa  fljia  xa>x- 
,n,oro  npecae^OBaTejia  Pj,  i  €  l,n  n  b  jiio 6oi"i  .gonycTHMBiii  momcht  BpeMemi  oh  MoaceT  nepe^aBaTB  xaac^OMy 
H3  hhx  Bee  ^.aHHBie  o  3HaHeHiiax  (J>a30BBix  BexTopoB  o6T>exTa  II,  xotopbimi-i  oh  pacnojiaraeT  b  stot  momcht 
BpeMeHii.  IIpii  c^eaaHHBix  npe^noaoaceHiiax  b  pa6oTe  npiiBO^HTca  {jopMajinsapiia  h  o6m,He  cxeMBi  pemeHiia 
3a^aH  a^anTHBHoro  MimiiMaxcHoro  ynpaBaeHiia  npopeccoM  npecae^OBaHHa-yxaoHeHiia  ^,jia  paccMaTpi-iBaeMBix 
ciicTeM . 

IIoayHeHHBie  b  ,n,aHHOH  paboTe  pe3yjiBTaTBi  ocHOBBiBaiOTca  Ha  iiccae^OBaHiiax  [1-5]  h  MoryT  6bitb  ncnojiB30- 
BaHBi  npn  xoMnBiOTepHOM  MO^,eaiipoBaHHH  peajiBHBix  ^HHaMiiHecxiix  npopeccoB  h  npoexTi-ipoBaHiin  onTHMajiB- 
hbix  HaBHrapHOHHBix  h  ynpaBjiHioiii,Hx  npn6opoB  rjik  pa3JiiiHHBix  TpaHcnopTHBix  ci-iCTeM. 

PaboTa  BBinoaHeHa  npn  (JainaHCOBOH  no.zmepvxxe  POOH,  rpaHT  Ne  07-01-00008. 
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Problems  of  Adaptive  Minimax  Control  for  Pursuit-Evasion  Process  in 
Discrete-Time  Dynamical  Systems 

Shorikov  A.F. 

Urals  State  University  of  Economics,  Ekaterinburg,  Russia 

In  this  report  we  consider  the  problems  of  adaptive  minimax  for  the  pursuit-evasion  process  with  incomplete 
information  in  the  classes  of  linear  and  nonlinear  discrete  dynamical  systems  consisting  of  several  controlled 
objects.  To  realize  the  minimax  pursuit  control  in  a  chosen  family  of  admissible  strategies  of  adaptive  controls, 
we  propose  a  finite  recurrent  algorithm,  each  step  of  which  is  based  on  the  realization  of  a  process  of  posterior 
minimax  nonlinear  filtration  and  on  solving  some  problems  of  linear  and  convex  programming.  The  results 
obtained  in  this  report  can  be  used  in  the  computer  modeling  of  real  dynamical  process  and  in  the  optimal 
design  of  navigation  and  control  devices  for  different  transportation  systems. 
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ON  CONDITIONS  OF  FLUTTER  ONSET  FOR  ELONGATED 
PLATE  IN  SUPERSONIC  GAS  FLOW 

Loginov  B.V.,  Makeev  O.V. 

Ulyanovsk  State  Technical  University,  Russia 


The  considered  problem  is  described  by  the  nonlinear  equation  [1] 


7  d2w  dw  D  d2  /  w" 
~g~dL  +  eEt  +  ~hdH  Ul  +  u.'2)3/2 


1 

h 


p0IC(w',  M ,  ae)+ 


+  wN)W“  I  [(1  +  (1) 

for  two  types  of  boundary  conditions  I.  w(0,t)  =  0,  w"x( 0,t)  =  0,  w(a,t)  =  0,  wxx(a,t )  =  0  (hingely  fastened 
edges);  II.  w(0,t)  =  0,  wx(0,t)  =  0,  w(a,t)  =  0,  w'x(a,t)  =  0  (both  edges  are  rigidly  fixed),  where  w  is  the 
deflection  of  the  plate,  h  -  its  thickness,  a  -  its  width,  D  =  ■L2^IV 2)  the  stiffness,  E  the  Young  module,  v  is 
the  Poisson  coefficient,  e  the  linear  damping  coefficient,  7  is  the  density  of  the  plate;  M  is  the  Mach  number, 
Po  -  the  pressure  and  ae  -  the  polytropic  exponent,  g  -  the  acceleration  of  gravity;  IC(w',M,  ae)  is  nonlinear 
differential  operator  describing  the  aerodynamic  action. 

According  to  Lyapounov-Schmidt  method  for  dynamic  bifurcation  [2]  the  linearized  equation  (1)  in  dimen¬ 
sionless  variables  is  reduced  to  the  problem  A4\x)  +  aiA\x)  —  a2  ^5  =  0  for  complex- valued  function  u(x) 
with  boundary  conditions  of  the  type  I  and  II  (a  =  1,  er  is  proportional  to  M).  It  is  shown  that  the  boundary 
condition  determinants  have  simple  roots  and  the  rank  of  the  relevant  matrices  is  equal  to  3.  Consequently  the 
existence  of  oscillatory  solutions  for  the  problem  (1)  is  equivalent  to  the  existence  of  simple  pure  imaginary 
eigenvalues  ±ia. 

References 

[1]  Vol’mir  A.S.  Stability  of  deformated  systems.  Moscow,  GIFML.  1964 

[2]  Loginov  B.  V.  Determination  of  the  branching  equation  by  its  group  symmetry  -  Andronov-Hopf  bifurcation.  Nonlinear 
Analysis  TMA  28,  no.  12,  2033-2047  (1997). 


KJIACCHHECKAH  MEXAHHKA 


121 


EXPERIMENTS  ON  STABILITY  OF  MECHANICAL  SYSTEMS 
Mailybaev  A. A.*,  Seyranian  A.P.%  Yabuno  H.** 

**  University  of  Tsukuba,  Japan 
*  Moscow  State  Lomonosov  University,  Russia 

The  paper  deals  with  experimental  study  of  stability  of  equilibrium  position  of  mechanical  systems  excited 
by  periodically  varying  forces.  It  is  emphasized  that  previous  experiments  including  the  works  by  Kapitsa 
(1951)  and  Chelomei  (1983)  were  mostly  of  qualitative  nature.  Nonlinear  behavior  of  a  physical  pendulum 
with  vibrating  suspension  point  is  studied  both  theoretically  and  experimentally.  Instability  conditions  for 
lower  vertical  position  of  the  pendulum  are  found.  Periodic  motions  for  various  parameters,  corresponding 
to  swinging  of  the  pendulum,  are  obtained  and  their  stability  depending  on  parameters  is  investigated.  The 
frequency-response  curve  for  periodic  motion  with  small  amplitude  is  obtained.  A  good  agreement  between 
theoretical  and  experimental  results  is  reported. 

Straight  elastically  supported  beams  of  variable  width  under  the  action  of  periodic  axial  forces  are  considered. 
Two  shape  optimization  problems  for  reducing  parametric  resonance  zones  are  studied.  In  the  first  problem, 
the  minimal  (critical)  amplitude  of  the  excitation  force  is  maximized.  In  the  second  problem,  the  range  of 
resonant  frequencies  is  minimized  for  a  given  parametric  resonance  zone  and  a  fixed  amplitude  of  excitation. 
It  is  shown  that  optimal  designs  depend  only  on  the  natural  modes  involved  in  the  parametric  resonance  and 
boundary  conditions.  Optimal  beam  shapes  are  found  for  different  boundary  conditions  and  resonant  modes. 
Experiments  for  uniform  and  optimal  simply  supported  elastic  beams  have  been  conducted  demonstrating  a 
very  good  agreement  with  theoretical  predictions. 

One  of  the  experiments  demonstrates  how  the  buckled  beam  is  stabilized  by  the  axial  excitation  force, 
pulsating  with  the  high  frequency,  and  the  deflection  of  the  beam  is  returned  to  the  initial  straight  position. 
Also,  the  bifurcation  diagram  is  described  and  the  nonlinear  characteristics  are  experimentally  investigated 
under  high-frequency  excitation. 

All  the  experiments  are  shown  by  video  tape. 
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PERIODIC  MOTIONS  OF  COUPLED  OSCILLATORS  WITH  DRY  FRICTION 

Madeleine  Pascal 

IBISC,  FRE  2873,  Universite  d’Evry  Val  d’Essonne,  France 

Vibrating  systems  excited  by  dry  friction  are  frequently  encountered  in  technical  applications.  These  systems 
are  strongly  non  linear  and  they  are  usually  modeled  as  spring-mass  oscillators.  They  have  been  the  subject  of 
several  investigations  [1].  In  the  case  of  multi  degrees  of  freedom  systems  [2],  only  numerical  approaches  have 
been  used.  In  this  work,  our  attention  is  focused  on  the  analysis  of  a  self  excited  2-degrees  of  freedom  oscillator 
with  dry  friction. 

The  system  consists  of  two  masses  m\,m2,  connected  by  linear  springs  k±,k2 ■  These  two  masses  are  in 
contact  with  a  driving  belt  moving  at  a  constant  velocity  Vg .  Friction  forces  F-[ ,  U  act  between  the  masses 
mi,  m2,  and  the  belt. 

This  2-degrees  of  freedom  oscillator  is  governed  by  the  following  differential  system: 

MX  +  KX  =  R,  X  =  (x1x2)t,  R  =  (F1F2)t 


(1) 


Here,  F\ ,  F2  are  the  contact  friction  forces  obtained  from  Coulomb’s  law,  in  which  are  the  friction  forces  when 
slip  motion  occurs  (vo  —  Xi  7^  0,  i  =  1, 2),  while  Fr\ ,  Fr 2  are  the  static  friction  forces.  ( FSi  <  Fri). 

Let  us  assume  that  at  t  =  0,  ii(0)  <  Vo,  Xo(0 )  =  Vo,  £2(22(0 )  —  2i(0))  =  Fr2. 

By  using  the  method  already  presented  in  [3]  for  a  coupled  oscillator  with  impact,  periodic  motions  with 
stick-slip  oscillations  are  obtained  by  analytical  methods.  This  motion  involves  a  first  part  of  time  duration  r 
related  to  a  slip  motion  of  the  first  mass  and  a  stick  motion  of  the  second  mass.  The  second  part  of  the  motion, 
of  time  duration  T,  involves  a  slip  motion  for  the  both  masses.  The  time  durations  r  and  T  are  obtained  in 
analytical  form  together  with  the  corresponding  initial  conditions. 
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SOME  RESULTS  CONCERNING  THE  LOCALIZATION  OF  COMPACT 
INVARIANT  SETS  OF  ONE  CLASS  OF  LASER  SYSTEMS 

Starkov  K.E. 

CITEDI-IPN,  Mexico 


In  this  paper  we  examine  equations 

x  =  k  +  xzl  2  —  ayz/ 2  +  my , 

y  = —mx  +  axz/2  +  yz/2,  (1) 

z  =  —2  gz  —  (1  +  2bz)(x 2  +  y2  —  1), 

of  a  single  mode  semiconductor  laser  subjected  to  the  optical  injection,  see  [Banerjee  et  al,  2004].  Here  x  and  y 
are  a  real  and  an  imaginary  part  respectively  of  the  complex  electric  field;  z  is  the  population  inversion;  k  is  the 
injected  field  strength;  a  is  the  linewidth  enhancement  factor;  m  is  the  detuning  of  the  electric  field  from  the 
solitary  laser  frequency;  g  is  the  damping  rate  and  b  is  the  cavity  lifetime.  In  this  work  a  localization  of  compact 
invariant  sets  of  the  laser  system  is  studied.  Here  by  a  localization  we  mean  a  description  of  a  set  containing 
all  compact  invariant  sets  of  the  laser  system  in  terms  of  equalities  and  inequalities  defined  in  the  state  space 
SR3  =  {(x,y,  z)T}.  Our  approach  is  based  on  using  the  first  order  extremum  conditions,  see  e.g.  [Krishchenko, 
1997]  and  [Krishchenko  and  Starkov,  2006]. 

Let  0  <  b  <  g  <  b  +  1/4 b. 

Then  we  define  the  set 


Ki  =  i  0,  y,  z)  g  R3|  x2  +  y2  +  —  <c:= 


4bg  —  4  b2  —  4  b2k2  —  1 
4b(4bg  —  4b 2  —  l)(g  —  b) 


Further,  if<?>6+l/46>0 
then  we  define  the  set 


Also,  we  define  the  set 


K1  =  {( x,y ,  z)T  G  R3|a;2  +  y2  +  z/2b  >  c}. 

K 2  =  {(x,y,  z)T  G  R3|  -  1/2 b  <  z  <  1/2 (g  -  b)}. 


(2) 

(3) 

(4) 


Now  we  are  in  position  to  establish 

Theorem  1.  All  compact  invariant  sets  of  the  laser  system  (1)  are  contained  in  the  set  A'i  n  K2  with  K\ 
defined  in  (2)  or  in  (3)  and  K2  defined  in  (4). 

Further,  it  is  shown  that  the  lower  bound  in  (4)  for  the  case  0  <  £»  <  <7  <  £»+l/46  can  be  essentially  improved 
with  help  of  the  iteration  theorem,  [Krishchenko,  1997]. 

Next  result  is  obtained  for  the  laser  system  (1)  with  help  of  using  cylindrical  coordinates  x  =  r  cos  0: 
y  =  r  sin  6\  z  =  z.  Let  V  =  (3?2  —  {xj  >  0}}  x  3?1  C  3?3  =  {(2;,  y,  z)T}  with  j  =  1  or  2.  We  establish  the  following 
assertion. 

Theorem  2.  Each  compact  invariant  set  of  the  laser  system  (1)  located  in  V  is  contained  in  the  set  {x2  +  y2  < 
k2m~2(  1  +  o2)  exp(4a_17r)}  as  well. 

Finally,  we  compare  our  bounds  for  different  values  of  parameters  and  give  conditions  of  the  nonexistence 
of  compact  invariant  sets  contained  in  the  set  V. 
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EXPONENTIAL  STABILITY  FOR  STRONGLY  DAMPED 
NON-LINEAR  WAVE  EQUATIONS  OF  KIRCHHOFF  TYPE 

Takeshi  Taniguchi 

Department  of  mathematics,  Kurume  University,  Miimachi,  Kurume,  Japan 

Recently  many  authors  have  been  considered  asymptotic  behavior  of  weak  solutions  to  nonlinear  wave  equations. 
In  this  talk  we  discuss  the  exponential  stability  for  strongly  damped  non-linear  wave  equations  of  Kirchhoff  type 
by  using  Lyapunov  function. 


LYAPUNOV  FUNCTIONALS  FOR  ID  RADIATIVE  AND 
REACTIVE  VISCOUS  HEAT-CONDUCTING  GAS  FLOWS 

Zlotnik  A. A. 

Russian  State  Social  University,  Moscow,  Russia 

The  following  compressible  Id  Navier-Stokes  system  of  quasilinear  differential  equations 

Vt  =  vx,  vt  =  a x  +  g,  a  =  upvx  -  p(y,  9),  p  =  1/y, 
e(y,  8)t  =  (k(t] ,  9)p9x)x  +  avx  +  Xf(p,  9 ,  z)zm, 
zt  =  ( dp2zx)x  -  f(p,9,z)zm, 

with  the  state  functions  p(y,9)  =  Ry~19  +  ( a/3)9 4,  e(y,9)  =  Cy9  +  ay9A,  describes  one-dimensional  flows 
of  a  viscous,  heat-conducting,  radiative  and  reactive  gas.  The  unknown  functions  y  >  0,  v,  9  >  0  and 
0  <  z  <  1  are  the  specific  volume,  the  velocity,  the  absolute  temperature  and  the  concentration  of  unburned  gas; 
(x,  t)  £  (0,  M )  x  (0,  oo )  are  the  Lagrangian  mass  coordinates.  The  pressure  p(y,  9)  and  the  internal  energy  e(y ,  9) 
include  the  perfect  polytropic  and  the  Stefan-Boltzmann  radiative  law  contributions.  The  heat  conductivity 
k(t],9)  behaves  itself  like  (1  +  9)q  for  some  q  >  2.  The  function  f(p,9,z)zm  expresses  the  rate  of  chemical 
reaction  and,  in  the  case  of  the  Arrhenius-type  law,  has  the  form 

fin  a  A,™  -  /  copm-19re-^Re~eUzm  for  9  >  9U 

j(P,v,z)z  |  Q  for  o  <  £  < 

where  m  >  1  is  the  kinetics  order,  9j  >  0  is  the  ignition  temperature  (for  9j  =  0,  ignition  is  ignored)  as  well  as 
Co  >  0,  Ci  >  0  and  r  >  0  are  other  constants,  v,  R,  a,  cy ,  A  and  d  are  also  given  positive  physical  constants, 
and  g  =  g{x)  is  a  given  body  force. 

For  the  associated  initial-boundary  value  problems  with  arbitrarily  large  initial  data,  a  collection  of  global 
in  time  bounds  for  solutions  including  those  in  the  Sobolev  space  iL2,1(Q)  is  derived,  and  the  existence  and  the 
uniqueness  of  the  global  strong  solution  are  proved. 

Furthermore,  a  stabilization  of  the  solution  to  a  non-homogeneous  stationary  one  as  t  — »  oo  is  studied.  The 
stabilization  rate  bounds  are  established  that  are  of  the  exponential  type  in  the  case  m  =  1  or  of  the  power  one 
in  the  case  m  >  1.  Also  the  results  depend  essentially  on  whether  >  9i  or  9r  <  9i,  where  9r  is  the  given 
outer  temperature;  in  the  latter  case,  the  duration  of  the  chemical  reaction  is  finite  in  spite  of  the  presence  of 
unburned  gas.  In  addition  in  the  case  m  >  1,  the  effect  of  faster  equaling  of  the  values  of  the  concentration 
z  in  space  is  detected.  The  study  is  accomplished  by  means  of  constructing  and  analyzing  of  new  nontrivial 
Lyapunov  functionals  for  the  problem.  The  results  are  fully  stated  and  proved  in  [1,2]. 

The  work  is  supported  by  RFBR,  projects  no.  06-01-00187,  07-01-00279  and  07-01-00557. 
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YCTOHHHBOCTb  H  CTABHJIH3AIJH5I  ABH^CEHHH  HEJIHHEHHbIX 

HEKOHCEPBATnBHbIX  CHCTEM 

AracJ)OHOB  C.A. 

MTTy  um.  H.9.  Bar/Mcma,  Poccuh 

lIpe^CTaBjieHO  peinemie  ,n,Byx  3a,n,aH  ycTOHHHBOCTH.  IlepBaH  nocBHm,eHa  iiccjie^OBaHiiio  ycTOHHHBOCTH  Mexa- 
HH'iecKnx  ciiCTeM  c  n  CTeneHHMi-i  cbo6o,h,bi  o6m,ero  Bi-ma,  T.e.  ci-ictcm,  iiaxo^amiixcH  no,a,  ^eifcTBiieM  ^iicci-ma- 
ti-ibhbix,  i  HpocKOHH'iecKnx,  noTeHpuajiBHBix  h  no3iiu,iiOHHBix  HeKOHcepBaTiiBHBix  chji.  IIpe,ii,nojiaraeTCH,  hto 
MaTpi-ipa,  xapaKTepii3yK>maH  noTeHpuajiBHBie  chjibi,  hbjihctch  OTpupaTejiBHO  onpe,n,ejieHHOH.  llpii  stom  ,h,jih 
ycTOHHi-iBOCTi-i  Heo6xo,n,i'iMO  npHCoeflHHHTB  no3im,iiOHHbie  HeKOHcepBaTriBHBie  ciijibi,  a  hiicjio  CTeneHeii  cbo6o,h,bi 
MexaHH'iecKOH  ciictcmbi  ^ojijkho  6bitb  hcthbim.  B  npoTiiBHOM  cjiynae,  cucTeMa  o6ru,ero  Bi-ma  HeycTOiiHiiBa.  3a- 
mcthm,  hto  acHMnTOTHnecKH  ycTOHHiiBaH  cucTeMa  o6m,ero  Bima  npii  OTpupaTejiBHO  onpe^ejieHnoii  MaTpupe 
noTeHpiiajiBHBix  chji,  CTaH obi-itch  HeycTOHHHBOH  npii  yBCJiH'ieHHH  /piccunaTHBHBix  chji. 

IloKa3aHO,  hto  b  3thx  CHCTeMax  ^OMHHiipyiomHMH  (npii  nojiHoii  ^iicci-mapi-in)  hbjihiotch  i  npocKOiiH'iecKHe 
ciijibi,  T.e.  npii  yBejiHHeHHH  CKajiHpHoro  napaMeTpa,  HBjiHiomerocH  MHOua-iTejieM  npii  MaTpiipe  raipocKoniiHe- 
CKi-ix  chji  h  npii  BBinojiHeHiiii  o^hoto  ycjiOBHH,  cucTeMa  CTaHOBiiTCH  acHMnTOTHHecKH  ycTOHHHBoft.  C  noMOipBio 
nocTpoeHHH  <J>yHKH,HH  JlnnyHOBa  nojiyneHO  ycjiOBiie  acHMnTOTHnecKOH  ycTOHHHBOCTH.  A-1151  Kjiacca  iiejiiiHeiiHO- 
CTeii  ^ocTaTOHHO  o6m,ero  Bii^a  naimeHa  opeHKa  o6jiacTii  npiiTHHceHiiH.  nojiynemiBie  pe3yjiBTaTBi  ^onojiHHiOT 
aHajiii3  ycTOHHHBOCTH  thkhx  CHCTeM,  npe^CTaBjieHHBiii  b  pa6oTe  aBTopa  (IIMM,  T.  67,  N  2,  2003). 

Bo  BTopoii  3a^aHe  paccMaTpi-iBaeTCH  nipocKoniiHecKaH  cucTeMa  c  ^ByMH  CTeneHHMi-i  cbo6o^bi,  ycTOiiHiiBOCTB 
KOTopoii  ^,0CTiirHyTa  3a  cneT  r  h  poc  ko  1 1  h  h  ec  ko  h  CTa6HjiH3an,HH.  PemeHa  3a^aHa  o  CTa6HjiH3an,HH  (,n,o  aciiMnTO- 
THHeCKOH  yCTOHHHBOCTH )  CIICTCMBI  nOCpe^CTBOM  npi-ICOe^HHeHIIH  HejII-IHeHHBIX  ^HCCI-inaTHBHBIX  H  n03HH,HOHHBIX 
HeKOHcepBaTiiBHBix  chji.  IlepBBie  onpe^ejiHiOTCH  c  noMom,Bio  <J>yHKH,HH  Psjien,  3a^,aBaeMoii  o^Hopo^Hoii  <f>op- 
moh  neTBepToro  nopH^xa,  a  BTopBie  onpe^ejiHiOTCH  c  noMOin,Bio  KOCOCHMMeTpHnecKOH  MaTpupBi  c  sjieMeHTaMii, 
npe^CTaBjiHiomiiMH  co6oh  KBa^paTiiHHyio  cjjopMy  KOop^imaT.  B  TepMiiHax  K03<JxJ)HH,HeHT0B,  bxo/uhuhx  b  3Ty 
KBa^paTiiHHyio  cjropMy,  nojiyHeHBi  ycjiOBHH  aciiMnTOTHHecKOH  ycTOHHHBOCTH,  npe^CTaBjiHiomne  co6oh  opeHKii 
CHii3y  h  CBepxy  na  3ti-i  ko3(]x)i h  nueHTBi .  Otmchchbi  cjiynan,  Kor^a  3Ta  CTa6i-ijiH3aii,HH  HeB03MO>KHa,  T.e.  ycToii- 
hhboctb  nipocKoniiHecKOH  CHCTeMBi  pa3pymaeTCH  npii  /i^chctbiih  Hejn-iHeiiHBix  ^HCCiinaTHBHBix  h  ho3hh,hohhbix 
HeKOHcepBaTiiBHBix  CHJI. 

TeopeTi-iHecKiie  nojioJKeHHH  npiiMeHHiOTCH  k  3a^,ane  CTa6HjiH3an,HH  CTapnoHapHoro  ^BHJKeHHH  HeypaBHOBe- 
HieHiioro  nipocKona  b  Kap^aHOBOM  no^Bece. 


On  the  Stability  and  Stabilization  of  Mechanical  Systems  of  General  Type 

Agafonov  S.A. 

Bauman  Moscow  State  Technical  University  (BMSTY),  Russia 

Two  Problems  of  Stability  are  considered.  In  the  first  problem  the  stability  of  mechanical  system  of  general  type  is 
investigated.  The  stability  is  analyzed  in  case  when  the  potential  energy  has  maximum  in  origin.  The  condition 
for  asymptotic  stability  in  terms  of  system  using  the  Lyapunov  function  is  obtained.  In  the  second  problem 
stabilization  of  the  gyroscopic  system  by  means  of  non-linear  dissipative  and  positional  non-conservative  forces 
in  solved.  Stability  of  gyroscopic  system  with  two  degrees  of  freedom  is  attained  with  the  help  of  gyroscopic 
stabilization. 


126 


CLASSICAL  MECHANICS 


OB  yCTOnHnBOCTH  HEJIHHEKHOn  flHHAMH^ECKOH  CHCTEMbI, 
OTBEHAIOIHEH  MHOrOKPATHOMY  JIYHEBOMY  OTPA^CEHKIO 
ATOMOB  PA3PE>KEHHOrO  TA3A  OT  CTEHOK  KAHAJTA 

AxceHOBa  O.A.,  XajiH^OB  H.A. 

CaHKm-nemep6yp2CKUu  eocydapcmeemiuu  ynueepcumem,  Poccuh 

AHajiii3iipyeTCH  aHajiHTHnecKH  h  hhcjichho  scJ^eKT  HeycTOHHiiBOCTH  BHyTpeHHiix  CBo6o,a,HOMOJieKyjiHpHBix  Te- 
'ibhhh  pa3pe»ceiiHoro  rasa,  Mo^ejinpyeMBix  HejiHHeimoft  flHHaMHHecKoit  cncTeMofi  Bima  xn+i  =  f(xn),  n  =  0, 
1,...  [1],  Ilpe^nojiaraeTCH,  hto  ckopoctb  aTOMOB  ra3a  nocjie  OTpaxemiH  ot  noBepxHOCTi-i  o,n,H03HaHHO  onpe,n,e- 
jiaeTca  ckopoctb lo  na^erara  aTOMOB  Ha  noBepxHOCTB,  npuneM  OTpaxemie  OTjninaeTca  ot  3epKajiBHoro  (jiyne- 
Baa  MO^ejib).  Ilpii  iicnojiB30BaHHH  TpiiroHOMeTpiiaecKiix  jiOKajiBHBix  a 1 1 1 1 p o kc h m a n h h  K03cj)cj)Hi],HeHT0B  o6MeHa 
riMnyjiBCOM  Ha  CTeHKax  KaHajia,  bo3mo>khoctb  npiiMeHeHiia  kotopbix  k  BHyTpeHHHM  TeaeHiiaM  o6ocHOBaHa  b 
[2],  cj^yHKHyia  f(xn)  —  ,a,po6HO-paH,HOHajiBHaa.  YcTaHOBjieHO,  hto  b  cooTBeTCTByromeii  HTepau,HOHHofi  cxeMe, 
nopo>Kyi,aeMOH  nocjie^OBaTejiBHBiMH  orrpa>Ke h na m h  aTOMOB  paspeaceiiHoro  ra3a  ot  CTeHOK  KaHajia,  B03HHKaiOT 
aTTpaKTopBi  h  6ii(])ypKanHH  pa3jniHHBix  TiinoB,  BKaronaa  KacKa,a,  6n4>ypKaqHH  <5eiireH6ayMa.  IIpoBe^eHHBie 
HricjieHHBie  pacneTBi  noKa3ajiH,  hto  H3yHeHHBii"i  aHajiHTHHecKH  scjjcjjeKT  coxpaHaeTca  npn  H3MeHeHHH  cJdopmbi 
KaHajia  h  napaMeTpoB  B3aHMO,a,eHCTBHa  ra3a  c  noBepxHOCTBio.  B  npaKTHnecKiix  npi-uioaceHiiax  sto  03HaHaeT, 
hto  HeycTOHHHBOCTB  TeneHiiH  rasa,  KOTopyro  mohcho  Ha6jiKyi,aTB  b  Bi-me  pe3Koro  H3MeHeHHa  peaaiMa  TeneHiia 
npn  oneHB  ManoM  H3MeHeHHH  napaMeTpoB,  MoaceT  coxpaHaTBca  b  pa3JiiiHHBix  TeneHiiax.  Hai*meHBi  o6jiacTH 
H3MeHeHHa  napaMeTpoB,  cooTBeTCTByiomne  pa3JiiiHHBiM  BH^aM  aTTpaKTopoB  (cTaqiiOHapHBix  npHTariiBaromiix 
ToneK,  npe,a,ejiBHBix  h,hkjiob,  6ecKOHeHHBix  KacKa,a,OB  6)H(]:)ypKanHH  h  xaoTHHecKoro  aTTpaKTopa).  Pe3yjiBTaTBi 
MoryT  6bitb  npiiMeHeHBi  Kan  k  paspeaceHHBiM  noTOKaM  b  KaHajiax,  mejisix  h  conjiax  KOCMiinecKiix  jieTaTejiBHBix 
annapaTOB,  tslk  ii  k  TeneHiiaM  b  oneHB  y3Ki-ix  KaHajiax,  HHTepec  k  kotopbim  b  HacToam,ee  BpeMa  onpe,a,ejiaeTca 
npaKTHHeCKOH  3HaHI-IMOCTBIO  MIIKp03JieKTpOMexaHHHeCKHX  CHCTeM  H  4)IIJIBTpyiOHI,HX  yCTpOHCTB. 

JlHTepaTypa 

[1]  AKceHOBa  O.A.,  XajiHflOB  II.  A.  IIIepoxoBaTOCTb  b  aspofliiHaMHKe  pa3pe>KeHHoro  ra3a:  4>paKTajiBHbie  a  CTaTHCTiinecKiie 
MOflejiH.  H3fl-BO  BBM  C.-IleTep6yprcKoro  ymiBepcHTeTa,  2004,  120  c. 

[2]  MiipoiiiHH  P.H.,  XajniflOB  M.A.  JIoKajibHbie  MeTOflbi  b  MexaHHKe  cruioiiiHbix  cpefl.  H3,o;-bo  C.-IleTep6yprcKoro  ymi- 
BepcHTeTa,  C.-IleTep6ypr,  2002,  303  c. 


On  the  Stability  of  Nonlinear  Dynamic  System  Corresponding  to  Multiple  Ray 
Reflection  of  Rarefied  Gas  Atoms  from  Channel  Walls 
Aksenova  O.A.,  Khalidov  I. A. 

Saint  Petersburg  State  University,  Russia 

Rarefied  gas  flow  in  a  channel  is  considered  as  a  sequence  of  multiple  reflections  of  gas  atoms  from  the  walls. 
The  velocity  of  reflected  atoms  is  uniquely  determined  by  the  velocity  of  incident  gas  atoms,  but  the  reflection 
is  different  from  specular  one  (ray  model  of  scattering).  The  stability  of  the  flow  by  increasing  number  of  gas 
atoms  reflections  from  the  surface  is  described  by  nonlinear  dynamic  system.  Asymptotic  analysis  shows  that 
bifurcations  of  different  types  appear  (including  Feigenbaum  cascade  of  bifurcations) .  Corresponding  regions  of 
the  parameters  are  found. 
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OB  OAHOH  KBA3HJIHHEHHOH  3A^AHE  BHBPOKOHCOJIH^AIJHH 

HEOAHOPOAHBIX  rPYHTOB 

AjiTi>iH6eKOB  III.,  HMaHSaes  H.C.,  HHa3BiM6eTOB  A.,ZJ. 

UIuMKenmcKuii  UHcmumym  Mextcdynapodnodo  KasaxcKO-rnypeynozo  ynueepcmema 

um.  X.A.  Hcaeu,  Ka3axcman 


B  pa6oTe  iiccjie^OBaH  Bonpoc  o  pa3pemiiMOCTii  cjie^yiomeii  sa^am-i  Bn6poKOHCOj[n^annn  Heo,n,Hopo,ii,HBix  rpyHTOB 


—  =  Cvn(x,t,  H)L(H)  -  Cln(x,t,H)^J  /(r ,  H)Ks(t,  r ,  H)dr + 
+f(t,H)Ks(t,t,H)^j  +  C2n(x,t,H),  x  =  (x!,X2,x3),  t  e  U,T 


(1) 


H(x,  n)  =  H0(x),  xGD 

r)  J-f 

±Xia)(x,t)~ - X^a+1'>(x,t)H\T  =  ip(x,t)  r 

uxs 

t  <  t  <  T  <  oo,  s  =  1,2,3;  a=l,2,3, 


(2) 

(3) 


r«e 

L=±£i(.K^K'(t-T’H) 

«— 1  x  ' 


d  / d(t,T}H)\ 
dt\  dr  )’ 


I<2(t,t ,  H) 


d{t,r,H) 

dr 


IfT  =  Dx(r  <  t  <<  oo),  D  =  (—li  <  x\  <  h,  —l\  <  x2  <  1 1, 
C(t,  r,  H)  =  Ac<p(t,  H),(t  —  T)mc(Banc  +  1),  ip(r,  H)  =  Ca  + 


0  <  x-i  <  h) 

OO  A 

A-k 

k^+ ^ 


|r=t  j 


Ac  h  mc  -  napaMeTpBi  nojisynecni,  a,  B  —  aMnjniTyga  h  napaMeTp  K0Jie6aHiiii. 

IfejioxteH  b  BH,n,e  TeopeMBi  MeTO,n,  HTepaipni  pjm  peinemiH  HanajiBHO-KpaeBoti  salami  (l)-(3). 

TeopeMa:  IlycTB  Cvn(x,  t,  H),  C in(x,  t,  H),  C2n(x,  t,  H),  K(fm{x,  t,  H)  h  H(x ,  t)  cJjyHKHHH  Kjiacca  C2(x  £  D 
0  <  T\  <  t  <  T)  fl  (^(Zlj)  h  nojio>KiiTejiBHBi,  cJjyHKpiiH  Hq(x)  co,n,ep>KiiTCH  b  o6jiacTi-i  onpe,n,ejieHiiH  onepaTopa 
L ,  cjDyHKpiiH  H(x,t)  ecTB  pememie  3a^ami  (1) — (3),  n  Hk(x,t)  (k  =  1,2,...)  —  pememie  ^ncjjcjDepeHpiiajiBHoro 
ypaBHemiH 


=  Cvn(x,t,  Hk_1)Z(Hk)  -  Ci„(z3,-£4-i)  j  J  f(r,Hk-i)K1(t,T,Hk-i)dT+ 

+f(t,  Hk-\)K2{t,  t,  Hk_i)^+C2n(x,  t,  Hk_  1),  k  =  1,2,... 

y^,OBjieTBopjnoiu,ee  HanajiBHO-KpaeBBiM  ycjiOBiiHM  (2) — (3),  npi-meM  H  >  H 1.  Tor^a  nocjie^OBaTejiBHOCTB  {Hk}, 
(k  =  1,2, . . .)  cxo,h,htch  k  e^iiHCTBeiiHOMy  peinemno  H(x,t)  3a^am-i  (l)-(3)  hjih  k  — >  00. 

Ilo.jiB3yHCB  HflejwH  jioKajiBHO-o,n,HOMepHoii  cxeMBi  (.HOC)  h  MeTO^aMH  iiTepaqmi,  k  sa^ane  (l)-(3)  nocTaB- 
jieHa  KOHeHHO-pa3HOCTHaH  KpaeBaa  3a^aHa.  Hccjie,a,OBaHBi  norpemHOCTB,  ycTOiiHiiBOCTB  h  paBHOMepHaa  cxo^h- 
moctb  .HOC. 

06ocHOBaH  MeTO,a,  nporoHKii  ^jih  pemeHiia  KOHeHHO~pa3HOCTHoii  KpaeBoli  sa^a'iH.  OpetieHBi  pemeHiia  pa3- 
hocthoh  3aflaHH  npii  noMom,ii  cjjopMyji  nporoHKii. 


About  One  Quasi-Linear  Problem  of  Non-Uniform  Ground  Vibroconsolidation 

Altynbekob  S.,  Imanbaev  N.S.,  Nijazymbetov  A.D. 

Shymkent  Institute  of  the  International  Kazakh- Turkish  University  named  after  H.A.  Jasavi,  Kazakhstan 

In  this  work  the  question  of  resolvability  of  quasi-linear  problems  of  non-uniform  ground  vibroconsolidation  is 
investigated,  and  methods  of  their  solution  —  a  method  of  iteration,  a  method  of  total  approximation,  a  method 
of  prorace  are  proved.  Accuracy,  stability  and  uniform  convergence  of  the  locally-one-dimensional  scheme  are 
investigated.  The  solution  of  different  problems  by  means  of  formulas  of  prorace  is  estimated. 
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HAKOIIJIEHHE  flEOOPMAItHH  MAJTbIX  3J1EMEHTOB  IIPH 
EECnOPHAOHHbIX  ABH^EHMX  ^CH^KOH  CPE^M 

Ahtohob  B.A.,  BapaHOB  A.C. 

rAaenan  ( IJyAKoecK/m )  acmponoMUHecKan  o6cepeamopuA  PAH,  Poccuh 

C  HaKonjiem-ieM  nocjie^OBaTejibHbix  He3aBHCHMBix  cjiyuairaBix  ,n,e4)opMau,HH  MajiBix  ajieMeHTOB  h ec >k h m ae m o h 
cpe,n,bi  npiixo,a,i'iTCH  BCTpeuaTBCH,  b  uacTHOCTii,  b  cbh3h  c  aHajiii30M  Typ6yjieHTHOCTi-i.  MaTeMaTiiuecKH  3a^a- 
ua  npe,a,CTaBjiHeT  co6oi“i  o6o6m,eHiie  cyMMiipoBamiH  MHomx  cjiyuaftHBix  BejiiiuiiH,  b  HCCJie/tOBaHHH  KOToporo 
HMeeTCH  BecBMa  KpynHaa  3acjiyra  A.M.  JlanyHOBa,  Ha  oSte^HHeHne  cjiyuaiiHBix  MaTpiip. 

H3  MHOn-IX  B03MO>KHBIX  H  (jmKTIIUeCKH  H3yuaiOIII,HXCH  CXeM  oGte^HHeHIIH  CJiynaiiHBIX  MaTpi-IH,  MBI  BBl6l-ipaeM 
cjie^yromyio.  H3  3a^yMaHHoii  coBOxynHOCTH  TpexMepHBix  yHHMO,ii,yjiHpHBix  MaTpim,  a\,  0,2,  ■  ■  . ,  an  KauygBiH  pa3 
BBi6iipaeTCH  naynany  KaKaH-jni6o  o,a,Ha  A„  =  ai,  02, . . . ,  an  c  cooTBeTCTByromiiMH  HeHyjieBBiMi-i  BepoaTHOCTHMi-i 
Pi,P2, . . .  ,pn-  Bonpoc  ctoiit  06  aciiMnTOTHHecKOM  noBe^eHHii  npoH3Be^3,eHHi“i  1 . . .  A2A1. 

Ilpe^nojiaraeM  OTcyTCTBiie  ^eTepMHHiipoBaHHoro  o6T>eKTa,  riHBapriaHTHoro  no  OTHomeHino  ko  BceM 
0,1,112,  ■  ■  •  ,an,  cjie^yromiix  bi-i^ob:  a)  ajunincoim;  6)  hjiockoctb;  b)  ocb;  r)  TpofiKa  HeKOMnjiaHapHBix  oceii.  To- 
r,ga  npn  jik>6om  11,  npeBOCxo^HipeM  HexoTopoe  vq,  mohcho  yxa3aTB  MaTpuny  Ti-ma  Lv,  nepeBO^amyro  ccjrepy  b 
iirjioo6pa3HBiii  ajuiimcoim  c  OTHonieHiiHMH  nojiyoceii  A/B  h  B/C  6ojiBme  npoii3BOJiBHO  3a,a,aHHoro  3apaHee 
k.  Ilocjie  BBe^eHiia  BepoaTHOCTeii  sto  noBe^emie  oxa3BiBaeTCH  thiih'ihbim,  to  ecTB  ocymecTBjraeTCH  c  Bepo- 
hthoctbk),  CTpeMHipeiicH  k  1  npn  v  — >  oo.  9to  ecTB  o6o6memie  3axoHa  6ojibhihx  unceji.  Cjio>xHee  b  .gaHHBix 
ycjiOBHHx  Bonpoc  c  o6o6mem-ieM  peHTpajiBHofi  npe^ejiBHofi  TeopeMBi.  HexoTopBie  micjieHHBie  npiiMepBi  naBO,a,HT 
Ha  mbicjib,  hto  cpe^Hee  OTxjiOHemie  MoaceT  pacTi-i  6BiCTpee,  ueM  no  o6BinHOMy  3axoHy: 


Accumulation  of  Small  Elements  Deformations  at  Chaotic 
Motions  of  the  Liquid  Medium 

Antonov  V.A.,  Baranov  A.S. 

Central  astronomical  observatory  of  RAS  (Pulkovo),  Saint-Petersburg,  Russia 

The  problem  concerning  a  multiplication  of  random  matrices  has  been  studied  at  weak  restrictions  on  the 
smoothness  of  their  distribution.  The  absence  of  determined  invariant  objects  of  the  special  form  is  only  required. 
The  proved  variant  of  the  law  of  large  numbers  predicts  the  progressive  stretching  of  a  small  element  of  the 
liquid  medium  into  a  needle. 
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OB  yCTOHHHBOCTH  MA5ITHHKOBBIX  ,H;BH>KEHHH  TBEP^OrO  TEJIA 

B  CJIYHAE  BOBBIJ1EBA  -  CTEKJIOBA 

Bap/i,HH  B.C. 

MocKoecKuu  aeuaVfUOHHUu  UHcmumym,  Poccuh 

PaccMaTpi-iBaeTca  ppwssseaBe  TJUKejioro  TBep,a,oro  Tejia  c  o,h,hoh  3aKpenjieHHOi“i  tohkoh.  TeoMeTpiiH  Macc  Tejia 
cooTBeTCTByiOT  cjiyuaio  Bo6BijieBa  -  CTeKjiOBa.  B  paboTe  uccjie^yeTCH  op6i-iTanBHaH  ycTOiiuiiBOCTB  njiocKiix 
nepiio,a,i'iHecKiix  ^bh>kchhh  Tejia,  OTBeuaioin,Hx  m aHTHHKOBBiM  KOJie6aHiiHM  h  Bpamem-iHM  OTHOCiiTejiBHO  o^hoh 
H3  rjiaBHBix  oceii  iraeppi-m  Tejia,  coxpaHjnomeii  nei-i3MeHHoe  ropii30HTajiBHoe  nojio»ceHiie  b  npocTpaHCTBe. 

Ann  peniemra  yKa3aHHOi"i  3a,n,aHH  npiiMeHHjiacB  MeTO^iiKa,  pa3pa6oTaHHan  b  [1],  B  uacTHOCTH,  3a,a,aHa  06 
ycTOHHHBOCTH  y Ka3 aHHBix  nepno,a,i'iHecKiix  ^bh>k6hhh  cbo^iitch  k  SKBHBajieHTHon  3a,n,aHe  06  ycTOHUHBOCTH  Heno- 
^Bii>KHoii  to'ikh  OTo6pa»ceHHH  coxpaHHiomero  njioiu,a,ii,B.  BbinojiHaeTCH  HopMajiii3au,iiH  OTo6pa»ceHiiH  ,a,o  ujieHOB 
TpeTBero  nopjmxa  bkjhohi-itgjibho.  Ha  ocHOBamm  H3BecTHBix  KpnTepneB  Teopiiii  ycTOHHHBOCTH  raMiijiBTOHOBBix 
ctiCTeM  no  K03(J)4)iin,HeHTaM  HopMajni30BaHHoro  npeo6pa30BaHHH  ^ejiaiOTCH  bbibo,h,bi  06  ycTonuiiBOCTH.  Pe3yjiB- 
TaTBi  nccjie^OBaHHH  npe^CTaBjieHBi  b  Bi-me  ^piarpaMM  ycTonuiiBOCTH  b  njiocKOCTH  napaMeTpoB  3a^anii:  aMnjin- 
Tyn,Bi  KOjie6aHiii“i  (hjih  yrjiOBoii  cxopocTH  Bpam,eHHft)  n  iiHeppiionnoro  napaMeTpa,  npe^CTaBjnnomero  co6oi"i 
OTHomemie  ^Byx  rjiaBHBix  momghtob  imeppini  Tejia.  HecMOTpa  Ha  to,  hto  HopMajiii3an,HH  OTo6pa»ceHiiH  npoBO- 
,a,HjiacB  nncjieHHO,  rpamipBi  o6jiacTeii  ycTonm-iBOCTi-i  KOJie6aHiiii  ya,ajiocB  nojiyunTB  b  aHajii-iTi-inecKon  cjjopMe. 

Abtop  6jiaro^apiiT  npo(f>eccopa  MapxeeBa  A.n.  3a  nojie3HBie  o6cy»c^i,eHiiH  n  3aMenaHHH.  PaboTa  BBinojiHGHa 
npn  cjjiiHaHCOBon  noAfl,ep>KKe  PoccniicKoro  4)OH,a,a  4)yH1n,aMeHTajiBHBix  nccjie^OBaHiiii  (N2  05-01-00386)  h  rpaHTa 
npe3imeHTa  Pocciihckoh  Oe^epapnn  pjm  no,zmep:>KKH  Be^ymi-ix  HaynHBix  hikoji  N2  HHI  -  7944.2006.1. 

JlHTepaTypa 

[1]  MapxeeB  A.n.  06  o^hom  cnoco6e  uccjieflOBaHiia  ycTOHuiiBOCTii  nojiaaceinni  paBHOBeciis  raMHjibTOHOBbix  chctsm// 
H3b.  PAH  MTT.  2004  6  C.  3-12. 

On  the  Stability  of  Pendulum  Motions  of  a  Solid  Body 
in  the  Bobylev  —  Steklov  Case 
Bardin  B.S. 

Moscow  Aviation  Institute,  Russia 

Motion  of  a  solid  heavy  body  with  one  fixed  point  is  considered.  Body  mass  geometry  corresponds  to  the 
Bobylev-Steklov  case.  Orbital  stability  of  flat  periodical  motions  is  studied. 


AKHAMHKA  kahejieh 

BejmKOB  A.O.,  CenpaHHH  A.n. 

HHcmumym  MexanuKU  MTY  um.  M.B.  JIoMonocoea,  Poccusi 

Hccjie^yeTca  ^i-maMHuecKoe  noBe^enne  HeBecoMoro  CTep>KHH  c  cocpe^OTonennon  Maccoft,  CKOJiB3suu,en  b^ojib 
och  CTepncHH  no  nepno^nnecKOMy  3aKOHy.  9to  npocTeiimaa  MO^ejin  ^eTCKiix  Kauejieft.  Hai*meHBi  n  nccjie^OBaHBi 
nepno^nnecKne  n  xaoTnnecKne  ^BiincemiH  chci’Cmbi  npn  pa3JinnHBix  3HaneniiHx  napaMeTpoB,  cooTBeTCTByrorpne 
pacKamiBaHHio  Kauejien. 


Dynamics  of  the  Swing 

Belyakov  A.O.  and  Seyranian  A.P. 

Institute  of  Mechanics,  Lomonosov  Moscow  State  University,  Russia 


Dynamic  behavior  of  a  weightless  rigid  rod  with  a  mass  sliding  along  its  axis  according  to  periodic  law  is 
considered.  This  is  the  simplest  model  of  children’s  swing.  Periodic  and  chaotic  motions  of  the  system  with  a 
change  of  problem  parameters  are  found  and  investigated. 


130 


CLASSICAL  MECHANICS 


HCCJIEAOBAHHE  flHHAMHMECKHX  CHCTEM  METOflAMH 
IIPE0BPA30BAHH5I  IIEPEMEHHblX  H  <I>AKTOPH3AIi;HH 
AH®OEPEHD;nAJlbHbIX  OnEPATOPOB 

BepKOBHH  Jl.M. 

CaMapcnuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

PaccMaTpi-maioTCH  pa3jniuHBie  aBTOHOMHBie  h  iieaBTOHOMHBie  HejniHeimBie  ^HHaMH'iecKHe  ciicTeMBi  2-ro,  3-ro  h 
6ojiee  bbicokhx  nopu,n,KOB. 

llycTB  ,a,aHa  CBH3aHHaa  aBTOHOMHaa  .nyiHaMiiuecKaH  cncTeMa,  HBjijnom,aHCH  o6o6ru,eHiieM  KjiacciiuecKoii  jih- 
yBiijijieBoii  ciicTeMBi  [1] 


Vi 


kHMv > 

L  fi{Vi)  Vi 


m 


1  dg 


y 

yi  a{y )  % 


y'i  y'i  +  nifi  (yjg  m{y)pi(yi)y'i- 


+fi  2k{yi)g  2m{y)Vi{yi){rio  J Wi{yi)dyi  +  ci/i3i)  =  o,  (l) 

i  =  l,,..,n, 

r«e  Vi  =  Vi{x),  g(y )  =  g(yi,  ...,yn),  n,  ri0,  d,  Pi  =  const,  (*)  =  d/dyi. 

IIpeo6pa30BaHiieM 

Zi=Pi  J  Pi{yi)dyi ,  dti  =  frk(yi)g-m(y)ip(yi)dx,  i  =  1, ...  ,n 

cncTeMa  (1)  npiiBO,a,HTCH  k  jiHHeftHofi  HecBH3aHHOi"i  ciiCTeMe 

(fZi  dZi 

17 T  +  r*i  ~JT  +  ri0zi  +  d  =  0,  i  =  1, . . . ,  n. 
dtf  dti 

IlyTeM  HCKjnoHeHiiH  nepeMeHHBix  ot  CBH3aHHOi“i  ciicTeMBi  ypaBHeHiiii  1-ro  nopa,ii,Ka  bo  MHoriix  Ba>KHBix  cjiy- 
uajix  mo*ho  nepeiiTH  k  riecBH3aHHOH  HejniHeimoH  CiiCTeMe  ypaBHeHHit  6ojiee  BBicoKoro  nopa,ii,Ka.  Tax,  HanpiiMep, 
cncTeMa 

x  =  pyz,  y  =  qxz,  z  =  rxy, 

omiCBiBaiomaH  npn  pasjniHHBix  cooTHomemisix  MeHyny  p,  q,  r  jiii6o  cjiyuaii  Biuiepa-IIyaHCO  b  3a,n,aHe  o  rupocKO- 
ne,  jiii6o  cjiyuaii  TpimjieTa  b  CiiCTeMe  riiflpo^iiHaMiiHecKoro  Tima,  MOxeT  6bitb  npi-me/teHa  k  CiiCTeMe  ypaBHeHiiii 
3-ro  nopH,a,Ka 

y'i' - yWi  +  biy'iVi  =  °>  *  =  b 2, 3,  yi  =  yi(t),  bi  =  const, 

Vi 

KOTopaa  jn-iHeapi-i3yeTCH  no^CTaHOBKaMi-i  z%  =  yf,  dsi  =  yidt  b  cucTeMy  z"\si)  +  6,2,- (sj)  =  0. 

IlpiiMeHeHiie  MeTO,a,a  cjjaKTopuaanHH  mo*ho  npoiuijirocTpiipoBaTB  Ha  npiiMepe  ypaBHeHiia  aHrapMOHimecKO- 
ro  ocpiijuiaTopa 

y"  +  byy'  +  b0y  +  byn  =  0,  y  =  y(x), 

KOTopoe  ,a,onycKaeT  cjmKTopi-isapi-iio  uepe3  HejiiiHeiiHBie  7pi4wJ>epeHii,HajiBHBie  onepaTopbi  1-ro  nopa,a,Ka  npii  ycjio- 
biiii  (n  +  l)2&o  =  2(n  +  1  )62. 

JlHTepaTypa 

[1]  Jl.M.  BepKOBHH.  OaKTopiraaipia  h  npeo6pa30BaHiia  ,zyi(h(hepeHii,HajH>Hbix  ypaBHeHiiii.  MeTOflbi  h  npanoHceHiiH.  M.: 
HHU;.  "PXA2002. 


Study  of  Dynamical  Systems  by  Methods  of  Transformation  of  Variables  and 

Factorization  of  Differential  Operators 
Berkovich  L.M. 

Samara  State  University,  Russia 

We  consider  autonomous  and  nonautonomous  nonlinear  dynamical  systems  of  the  second,  the  third  and  higher 
orders.  The  methods  autonomization,  an  exact  linearization  and  also  a  factorization  of  differential  operators 
allow  in  some  important  cases  for  applications  to  reduce  initial  systems  in  more  simple  forms. 
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IIPHBJIH>KEHHOE  AHAJIHTHHECKOE  PEIHEHHE 
nPOCTPAHCTBEHHOH  HECTAIJHOHAPHOH  3AAAHH 
rnnEP3BYKOBOrO  OETEKAHHH  TOHKOrO  kpbijia 

BoraTKo  B.H.*,  Kojitoh  r.A.**,  IIoTexHHa  E.A.* 

*  CaHKm-IJemep6ypecKuu  socydapcmeennuu  ynueepcumem,  Poccuh 
**  CaHKm-nemepSypzcKuu  socydapcmeennuu  sopnuu  uHcmumym,  Poccuh 

PaccMaTpi-iBaeTca  3a,n,aHa  onpe^ejiemia  napaMeTpoB  TeneHiia  ra3a  3a  (J>pohtom  rojiOBHoii  ygapHOii  bojihbi,  06- 
pa3yK>iu,eiicH  npn  riecTapiiOHapHOM  ri-mep3ByKOBOM  ^bhikchhh  TOHKoro  Kpbijia  nepeMeHHoii  cjiopMxi.  IIpii  stom 
npe^nojiaraeTCH,  hto  TOjimima,  pa3Max  h  xop,a,a  Kpbijia  i-iMeiOT  nopa^OK  0(e),  0(^/e),  0(1)  cooTBeTCTBeHHO,  r^e 
e  —  MajiBifi  napaMeTp,  xapaxTepH3yioin,HH  OTHomemie  njiOTHOCTeii  ra3a  na  cjjpoHTe  rojiOBHoii  ygapHOii  bojihxi. 
3a,a,aaa  pemaeTca  MeTO,a,OM  TOHKoro  ygapHoro  caoa  [1]  b  nocTaHOBKe,  aHajioraiHHOii  [2],  CncTeMa  KOop^HHaT 
BBi6npaeTca  Tax,  hto  noBepxHOCTB  xpxuia  Maao  OTjninaeTCsi  ot  njiocxocTii  xOz.  BexTop  cxopocTii  ^BHacemia 
xpxuia  3aBHCHT  ot  BpeMemi  h  jiejxiiT  b  njiocxocTii  xOy. 

Teaemie  ra3a  b  ygapHOM  cjioe  omiCBiBaeTca  CHCTeMofi  HejniHeiiHxix  ypaBHeHHft  b  nacTHxix  npoii3BO^HBix 
(cHCTeMofi  ypaBHeHHft  ra30BOi“i  /(HHaMuxn)  c  rpaHHHHxiMH  ycaoBiiaMii  Ha  <f>poHTe  rojiOBHoii  yn,apHoft  bojihxi 
h  noBepxHOCTri  xpxuia.  ToaoBHaa  ygapHan  BoaHa  cai-iTaeTca  npHeoe^HHeHHoft  x  nepe,n,Heft  xpoMxe  xpxiaa  xo- 
Ta  6bi  b  o,h,hoh  Tonxe.  lIojiyHeHxi  ciiCTeMBi  ypaBHeHHft  fljia  onpe,a,eaeHiia  npe,a,eaBHoro  TeaeHiia  h  nonpaBOx 
nepBoro  npn6jiH>xeHHa.  (Spin  cayaaa,  xoiyi,a  cxopocTB  ^BiiaceHiia  xpxiaa  caa6o  3aBHCHT  ot  BpeMemi,  a  Taxace 
fljia  cayaaa,  xor^a  npoexpiuo  cxopocTii  flBHxeHaa  xpxiaa  Ha  ocb  Oy  mojkho  CHiiTaTx  Me^,aemio  MeHaiomeiica, 
pemeHiie  BBim-icaHO  b  xBa,npaTypax.  IlpH  stom  cucTeMa  ypaBHeHiiii  ,a,aa  onpe^eaeHHa  nonpaBOx  nepBoro  npn- 
6aii>xeHHa  pacmenaaeTca  TaxHM  o6pa30M,  hto  ,a,Ba  ypaBHemisi  MoryT  6bitb  pemeHBi  He3aBHCiiMO  ot  ocTajixHxix 
h  o^ho  H3  hi-ix  MoaceT  6bitb  3amicaHO  b  ^iiBiipreHTHOM  Bime.  BBe^emie  hoboii  cjiyHxpHH  (aHaaora  <f>yHxn,HH 
Toxa)  no3Boanao  CBecTH  pememie  salami  x  HHTerpi-ipoBaHi-no  HejniHeimoro  ypaBHeHiia  BToporo  nopa,a,xa  b 
aacTHBix  npon3BO,a,HBix.  J\jisi  nocTpoemia  pememia  6hijio  iicnojix30BaHO  npeo6pa30BaHiie,  npn  xotopom  3a  o,a,Hy 
H3  h es aB h c h m hi x  nepeMeHHBix  BBi6npaiOT  aacTHyio  npoii3BO,a,Hyio  ot  bhobb  BBe^eimoft  <J>yHXH,HH  (npeo6pa30Ba- 
Hne  3i"iaepa- AMnepa) .  noayaeHHoe  pemeHiie  3aBHCHT  ot  ,n,Byx  npoii3Boai>HBix  4>yHXH,Hit  h  Heii3BecTHoft  cjiopMHi 
cjipoHTa.  A™  HaxoacfleHna  stiix  Tpex  cjiyHxpHH  nocTpoeHa  HHTerpo-^HcjicjiepeHpHaaBHaa  cucTeMa  ypaBHeHiiii. 
Aji a  oxoHaaTeaBHoro  pemeHiia  nocTaBaeHHoii  3a^,aHii  npe^aaraeTca  noayo6paTHBii"i  mcto^,,  3axaK>aaiOHi,Hiica  b 
tom,  hto  3a^aeTca  bh^  o^hoii  h3  cj)yHxii,Hft  h  ypaBHemie  nepe^Heii  xpomxh  xpxiaa,  a  cjiopMa  o6TexaeMoro  Teaa 
otxicxhb aeTca  b  npopecce  pemeHiia  yxa3aHHOi"i  Bxime  HHTerpo-^iKjxJiepeHpHaaxHaa  cucTeMxi  ypaBHeHiiii. 

B  cayaae  xpxiaa  xoHenHoro  pa3Maxa  Toam,HHa,  pa3Max  h  xop^a  xpxiaa  by^iyT  iiMeTx  nopa^ox  O(e),  0(1), 
0(1),  ii  npH6aiiaceiiiioe  aHaaiiTiiHecxoe  pemeiine  3a^,aHii  y^aeTca  nocTpoiiTx  b  xoHenHOM  Bii^e. 

JlHTepaiypa 

[1]  BepHbifl  r.r.  TeaeHiia  ra3a  c  6ojn>nioii  CBepx3ByKOBOii  cxopocTbio.  M.:  Oii3MaTrH3,  1959. 

[2]  BoraTxo  B.H.,  Fpii6  A. A.,  KoaTOH  TA.  06TexaHHe  TOHKoro  xpbiaa  nepeMeHHoii  (jiopMbi  nmep3ByKOBxiM  noTOKOM 
ra3a.  H3b.  AH  CCCP  Mex.  aaiflK.  n  ra3a.  1979.  J V2  4.  C.  94-101. 


Approximate  Analytical  Solution  of  Three-Dimensional  Unsteady  Problem  of 

Hypersonic  Flow  Near  a  Thin  Wing 

Bogatko  V.I.*,  Kolton  G.A.**,  Potekhina  E.A.* 

*  Saint  Petersburg  State  University,  Russia 
**  Saint  Petersburg  State  Mining  Institute  (Technical  University) 

The  thin  shock  layer  method  and  the  Euler- Amper  transformation  are  applied  to  the  problem  under  consideration. 
A  vector  of  the  wing  velocity  depends  on  the  time  and  a  form  of  thin  wing  depends  on  the  time  too.  The  head 
shock  wave  is  considered  to  be  joined  to  the  front  edge  of  the  wing.  The  solution  was  written  in  form  of  the 
integrals. 
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YPABHEHH5I  ^HHAMHKH  CHCTEM  TBEPTTbTX  TEJ1  B  H3EbITOHHbIX 
KBA3HKOOPAHHATAX  11  KBA3HCKOPOCTRX 

Bhhkob  A.B.,  HBaHOB  B.H. 

IJepMCKUu  socydapcmeemiuu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  npo6jieMa  k  j [ ac c n h Ka n h h  cjjopM  ypaBHeHiiii  flKHaMHKH  ciiCTeM  TBep,n,Bix  Teji  b  ii36bitohhbix 
KBa3IIKOOp,H,IIHaTaX  H  KBa3HCKOpOCTHX  (nceB^ocKopocTHx) . 

B  i-iCTopi'inecKOM  o63ope  noHBjieniiH  h  pasBiiTiia  TepMHHOB  KBa3iiKOop,a,iiHaTBi  h  KBaancKopocTii  BBmejiniOTCH 
,npe  aa/ta'in: 

-  BO-nepBBix,  3a,a,aHa  yueTa  .npnojimiTejiBHO  najioaceHHBix  CBH3eft,  CTaBmaa  aKTyajiBHoii  b  nojiHOii  Mepe 
npii  3apo3K,a,eHiiii  HerojiOHOMHOii  MexaHHKH,  npi-iBejia  k  noHBjieHino  ynoMHHyTBix  TepMHHOB  h  nopo/puia 
3HaHiiTejiBHoe  pa3HOo6pa3iie  ypaBHeHHft  ^bhikchhh  b  KBa3iiKOop,a,iiHaTax  h  KBa3iiCKopocTHx; 

-  BO-BTopBix,  3a,a,aHa  noiiCKa  6ojiee  nocToii  CTpyKTypBi  aanucH  ypaBHeHiiii  flHHaMHKH  b  tojiohomhbix  Koop- 
,a,iiHaTax  npimejia  k  noHBjieiiino  noHsmiH  iiMnyjiBCOB  IlyaccoHa  (xoTopbie  aBTopbi  TaK*e  paccMaTpimaiOT 
Kax  nacTHBiii  KBa3iiCKopocTeii)  h  ypaBHeHHft  raMiuiBTOHa. 

Bo3HiiKmaa  no3^,Hee  HOBaa  3a,n,aHa  MexaHHKH  —  npo6jieMa  cJjopMiipoBaHiiH  ypaBHeHiiii  /(HHaMHKii  ciiCTeM  TBep- 
,h,bix  Tea  (b  o6m,eM  cjiyuae  c  6ojibihhm  hiicjiom  CTeneHeii  cbo6o,h,bi)  Heii36e>KHO  co,a,ep>KHT  cjie,nyioiii,He  Tpe6oBa- 
hhh: 

ncnojiB30BaHHe  KBa3HCKopocTeii,  Kax  npaBHjio,  Heo6xo,n,iiMO,  nocKOJiBKy  KBa3iiCKopocTii  hbjihiotch  ecTe- 
CTBeHHBIMII  KIIHeMaTHHeCKHMH  XapaKTepiICTHKaMH  TBep,H,BIX  Teji,  BXO,a,HIIl,HX  B  CI-ICTeMy.  KpOMe  Toro,  3TII 
KHHeMaTHHeCKHe  XapaKTepHCTHKH  HaCTO  HBJIHIOTCH  II C KO M hi M II  BejIHHHHaMH  npii  pemeHIIII  3a^aH  MO,H,ejIH- 
pOBaHIIH  peajIBHBIX  TeXHI-IHeCKHX  o6T>eKTOB. 

KpHTepHH  onTHMajiBHOCTii  CTpyKTypBi  ypaBHeHiiii,  npe>K/i,e  Bcero  c  tohkii  3peHiiH  BBiHiicjiiiTejiBHoii  3<J)- 
4)eKTiiBHOCTii,  opiieHTiipoBaHHOCTii  ypaBHeHiiii  Ha  KOMnBiOTepHoe  MO^ejiiipoBaHiie,  bbixo^ht  Ha  nepe/pmii 
njiaH. 

PemeHiie  3a,n,aHH  cjjopMiipoBaHiiH  ypaBHeHiiii  ciiCTeM  TBep,n,Bix  Tea  npii  BBinojiHemiii  yKa3aHHBix  Tpe- 

6oBaHiiii  npiiBO^iiT  k  imee  3aniicn  ypaBHeHiiii  c  coxpaHeHiieM  6ojiBiuero  nucjia  nepeMeHHBix,  b  KauecTBe  koto- 
pBix  ncnoaB3yiOTCfl  o6o6m,eHHBie  KOop/pmaTBi,  KBa3iiCKopocTii  (11  cooTBeTCTByiomne  hm,  MoaceT  6bitb  HeHBHO, 
KBa3iiKOop,ii,HHaTBi) ,  KBa3iiCKopocTii  cneqiiajiBHoro  Bii^a  —  o6o6iii,eHHBie  HMnyjiBCBi  IlyaccoHa.  H36bitohhoctb 
nepeMeHHBix  coctohhiih  nopoa<yi,aeT  MHoroo6pa3iie  BBi6opa  cjjopM  3aniicn  ypaBHeHiiii  pjisl  CiiCTeM  TBep,n,Bix  Tea. 
B  KaaecTBe  KpiiTepiieB  BBi6opa  paccMaTpiiBaiOTCH  noKasaTean  BBiHiicaiiTeaBHoii  scjDcjDeKTiiBHOCTii:  KOJiiiuecTBO 
onepapnii,  BpeMeiiHBie  3aTpaTBi  npii  hhcjichhom  MO^ejnipoBaHini.  Oco6eHiiocTBio  iiccae^OBaHiiH  HBaneTCH  to, 
hto  BBiHiicaiiTeaBHBie  3aTpaTBi  paccMaTpiiBaiOTCH  no  pa3^eaaM:  3aTpaTBi  Ha  cjjopMiipoBaHiie,  Ha  paapemeinie, 
Ha  HHTerpiipoBaHiie  noaynaeMBix  ypaBHeHiiii.  Hccae^yeTca  3aBiiciiMOCTB  noKa3aTeaeii  3i|xJ)eKTHBHOCTH  ot  pa3- 
MepHOCTii  ypaBHeHiiii,  TonoaoniHecKoii  CTpyKTypBi  MO,n,eaHpyeMOH  MexaHiinecKOii  cucTeMBi. 

PaboTa  BBinoaHeHa  npn  noAfl,ep>KKe  POOH  (npoeKTBi  N2  06-01-00381-a,  N2  07-01-97611-p_o4»i). 


Multibody  Systems  Dynamics  Equations  in  Redundant 
Quasi-Coordinates  and  Quasi- Velocities 
Byachkov  A.B.,  Ivanov  V.N. 

Perm  State  University,  Russia 


We  discuss  the  problem  of  classification  of  the  multibody  systems  dynamics  equations  in  redundant  variables: 
generalized  coordinates,  quasi- velocities,  generalized  Poisson’s  impulses.  As  criteria  we  study  the  measure  of 
computing  effectiveness:  the  quantity  of  computations,  time  costs  of  numeric  modeling. 
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HCCJIEAOBAHHE  yCTOHHHBOCTH  PEIHEHHH  OAHOrO 
KJ1ACCA  HAHAJIbHO-KPAEBbIX  3AAAH  RRR  CHCTEM  HHTErPO- 
AH®OEPEHu;nAJibHbix  ypABHEHnn  b  A3PoynpyrocTn 

BejitMHCOB  II.A. 

yjibHHoecKuu  docydapcmeennuu  mexHunecKuil  ynueepcumem,  Poccuh 

riocTpoeHbi  MaTeMaTi-inecKiie  Mopejm  b  3apauax  o  pimaMHxe  BH3xoynpyrax  3 jieMeHTOB ,  o6TexaeMbix  po3By- 
KOBBIM  nOTOKOM  JKHflXOCTH  (hJIH  ra3a),  TaKHX  KJiaCCOB  TOHKOCTeHHBIX  KOHCTpyKIl,HH,  KaK  TOHKIie  npO(J)HJIH, 
3am,iiTHBie  sxpaHbi,  npoTOHHbie  xaHajibi.  MaTeMaTiiuecxiie  Mopejni  npepcTaBjunoT  co6oi"i  CBjraaHHbie  cncTeMBi 
(xax  jiHHeftHbie,  Tax  h  HejiiiHei"iHbie)  iiHTerpo-^iicjjcjDepeHpiiajibHbix  ypaBHeHHft  c  uacTHbiMH  npoii3BO,a,HbiMH  pun 
noTeHpuajia  CKopocTi-i  >khpkocth  ii  pec^opMapiiii  3 JieMeHTOB . 

B  cjiyuae,  xorpa  noTeHipian  CKopocTi-i  onpepejiaeTCH  H3  ypaBHemiH  Jlanjiaca,  na  ocHOBe  MeTopoB  Teopiiii 
(JuyHKHHH  KOMnjieKCHoro  nepeMeHHoro  (c  iicnojiB30BaHiieM  cjjopMyji  IIlBappa,  Coxopxoro  h  Kejipbima-CepoBa), 
a  TaioKe  MeTopa  Oypbe  pa3pa6oTaHa  MeTopiixa  pememiH  o6paTHbix  xpaeBbix  3apan  asporimpoMexaHiixii,  no3- 
BOJiHroipaH  HCKjnoHiiTb  noTeHpiiaji  cxopocni  h  CBecTii  pemeHira  sapau  k  iiccjiepoBaHiiro  3aMKHyTbix  ciiCTeM  (xax 
jiHHeftHbix,  Tax  h  HejiiiHeiiHbix)  HHTerpo-piicjjcjDepeHpiiajibHbix  ypaBHeHHft  (CHAV)  c  uacmbiMH  npoii3BopHbiMH 
pjiH  pecjDopMapnii  BH3xoynpyrax  3 JieMeHTOB . 

Pa3pa6oTaHO  Hecxojibxo  MeTopoB  iiccjiepoBaHiiH  ycTOH'iuBOCTH  pemeHiia  yxa3aHHbix  CHAV  c  uacmbiMH 
1 1  PC)  H  3  BOpHBI  M  H : 

a)  aHajiHTHHecxHH  MeTop,  CBjraaHHbiii  c  nocTpoemieM  (JjyHxpiiOHajiOB  JlanyHOBa  p,jm  CHAV  c  uacmbiMH 
npoHSBopHBiMH,  no3BOjijnoin,iii"i  nojiyuiiTb  o6jiacTi-i  ycTOHUHBOCTH  Ha  njiocxocm  pByx  napaMeTpoB,  xapaxTepn- 
3yiom,Hx  m e xa h h ' i ec x y m  ciiCTeMy; 

6)  HiicjieHHbiii  MeTop,  peanH30BaHHbiH  na  9BM,  ocHOBaHHbiii  Ha  CBepeHHH  CHAV  c  uacmbiMH  npon3BO,zi,- 
hbimh  c  noMOipbio  MeTopa  By6HOBa-rajiepxiiHa  x  cucTeMe  o6bixHOBeHHbix  HHTerpo-puclxliepeHpHajibHbix  ypaB- 
HeHHH  (COHAy),  iiocjrepyroiHHM  npiiBepeHiieM  COHAy  x  BexTopHOMy  ypaBHemiio  BojibTeppa  2  popa,  h  ero 
pemeHiieM  McropoM  nocjiepoBaTejibHbix  HTepapnit; 

b)  HHCJieHHO-aHajiriTHHecxriH  MeTop,  ocHOBaHHbiii  Ha  HCCJiepoBaHHH  acHMnTOTHuecxoH  ycTOHUHBOCTH  rajiep- 
xhhcxhx  npnSjiHJxeHHH  c  noMorpbio  CBepeHira  nojiyHeHHoii  COHAy  x  HHTerpajiBHoft  cucTeMe  h  npiiMeHeHira 
pjiH  Hee  HepaBeHCTB  rpoHyojuia-BejuiMaHa. 

IiccjiepoBaHbi:  a)  Bonpoc  xoppexmocTH  nocTaHOBxn  3apa u  (BbiBepeHbi  ycjiOBiui,  npn  xoTopbix  pemeinie 
sapau  cymecTByeT,  epiiHCTBeimo,  ycTOiiuiiBO  h  HenpepbiBHO  3aBHCHT  ot  HauajibHbix  paHHbix  h  napaMeTpoB 
3apaun),  6)  Bonpoc  cxophmocth  co3paHHoro  hhcjichhoi  o  Meropa. 


Stability  Investigation  of  Solutions  of  one  Class  Initial-Boundary  Value  Problems 
for  Systems  of  Integro-Differential  Equations  in  Aeroelasticity 

Velmisov  P.A. 

Ulyanovsk  State  Technical  University,  Russia 

Mathematical  models  of  aeroelastic  constructions  are  built-up,  allowing  for  investigation  of  linked  partial  integro- 
differential  equations  systems  (PDES).  Several  methods  for  stability  investigations  of  indicated  PDES  are 
elaborated:  a)  analytical  method  based  on  Lyapounov  functionals  construction;  b)  numerical  method  based 
on  Bubnov-Galerkin  and  successive  approximation  methods  for  Volterra  vectorial  equation  of  the  second  kind, 

c)  numerical-analytic  method,  based  on  the  reducing  of  the  indicated  PDES  to  system  of  integral  equations 
with  subsequent  application  of  Gronvwall-Bellman  inequality. 
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HACTOTHblH  KPHTEPHH  yCTOHHHBOCTH  CHCTEM 
C  HPPAIJHOHAJIbHbIMH  3BEHbflMH 

BojioniHHOBa  T.B.,  EpuioB  B.A. 

CaHKm.-nemep6yp2CKUu  gocydapcmeemiuu  ynueepcumem,  Poccuh 

CcjDopMyjinpoBaHbi  ,n,Be  cjropMBi  nacTOTHoro  Kpu  repiiH  ycToftmiBOCTH,  no3BOJi5nom,iie  iiccjie.n.OBaTB  chctcmm,  co- 
,n,ep>Kamiie  iippapiiOHajiBHBie  3BeHBH.  no,n,o6HBie  cncTeMBi  paccMaTpiiBaiOTCH  b  npo6jieMax  n-mpoaspoynpyro- 
cth,  a  TaK»ce  npi-i  n3yueHnn  pa3jninHBix  .nyKfxjDysHOHHBix  h  TenjiOBBix  oGteKTOB,  jihhhh  cbh3i-i  c  noTepsMH,  c 
pacnpe,n,ejieHHBiMii  conpoTiiBjiemiHMH  h  cmkocthmii  h  t.,h. 


The  Frequency  Stability  Criterion  for  Mechanical  Systems  with  Irrational  Links 

Voloshinova  T.V.,  Ershov  B.A. 

Saint  Petersburg  State  University,  Russia 

Two  forms  of  the  frequency  stability  criterion,  which  make  it  possible  to  investigate  the  systems  containing 
irrational  links,  are  formulated.  Similar  systems  are  usually  considered  in  the  problems  of  hydroelasticity,  as 
well  as  in  studying  different  diffusion  and  heat  transfer  objects,  communication  links  with  dissipation,  the  objects 
with  distributed  resistances  and  capacities,  etc. 
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TEH30PH0E  HHTErPHPOBAHHE  B  MEXAHHKE 

ByHHHHH  B.A. 

MameMamuuecKuu  uHcmumym  CAHY,  Bempad,  Cep6un 


Hbiotoh:  «AeJio  m aTeM aTiiKOB  Haft™  TaKyio  cnjiy,  KOTopaa  b  tohhocth  yn,ep»ciiBajia  6bi  3a^,aHHoe  Tejio  b  ^bii- 
>k6hhh  no  3a,n,aHHOi"i  op6iiTe  c  ,n,aHHoft  cxopocTBio,  h  Hao6opoT,  Haft™  tot  KpiiBOjniHeftHBift  nyTB  Ha  KOTopBift 
3a^3,aHHOio  chjioio  6yzi,eT  otkjioh6ho  Tejio,  BBime.n.mee  H3  3a,n,aHHoro  MecTa  c  3a,n,aHHoft  ckopoctbio». 

raMiuiBTon:  «3a,n,aHa  m arre m et  h  '  i  ec  ko  h  /(HHaMHKii  ;yra  cncTeM  n  Toueic  3aKjiK>naeTCH  b  tom,  hto6bi  npoiiH- 
TerpnpoBaTB  cncTeMy 


dq  dH  dp 
dt  dp  ’  dt 


dH 
dq  1 


(p,q)GT*Mn 


(1) 


6n  o6bihhbix  /picJjcjDepeHpiiajiBHBix  ypaBHemift  nepBoro  nopa,ii,Ka». 

Cne^OBaTejiBHo:  no  HniOTOHy  onpe,n,ejiHM  n  cnjiy  n  nyTB,  moto^om  raMiuiBTOHa  (1)  —  tojibko  TpaeKTopnio 
Ha  MHoroo6pa3iin  T*Mn  n  nyTB  Ha  Mn . 

TeH3opHBie  ,n,H4)4)epeHH,HajiBHBie  ypaBHemia  ^BiuKeHiia  cncTeM,  othocht6jibho  o6o6m,eHHBix  He3aBiiciiMBix 
KOop/pmaT  q  €  Mn, 

Dvl  _  dvi  i  dqk  _ 
dt  dt  dt 


BBipancaiOT,  kslk  bh,h,ho,  c  noMom,Bio  CTaHpapTHBix  ^i-KjxJjepeHpHajiOB  dvz  hjih  c  noMOin,Bio  abcojnoTHBix  puci)- 
cjjepeHpuajiOB  Dvl,  v 1  €  TMn.  CTaHpapTHaa  onepaipia  HHTerpripoB am-ia ,  3HaK  KOTopoii  f,  othociitch  k  o6bik- 
HOBeHHBIM  flI-l4)4)epeHH,HajiaM  KOOppiIHaT  TeH30pOB  HJIH  Pfl (JwJjepeHpiiajIOB  KOMnOHGHT  BGKTOpOB  dvl.  Meacpy 
TeM  H3BecTHO,  hto  3TOT  HHTerpaji  HapymaeT  npupopy  TeH3opHBix  o6T>eKTOB.  Il3-3a  stoto  Heo6xo^,iiMO  iicicaTB 
h  ncnojiB30BaTB  TeH3opHBiH  hjih  KOBapnaHTHBiH  HHTerpaji,  3HaK  KOTOpOrO  J. 

CaMoe  npocToe  npepnojiOHceHiie,  hto  Ql  =  0,  noKa3BiBaeT,  hto  ii3  (2)  cjiepyeT:  1.  neB03M0>KH0CTB  iiHTerpii- 
pOBaHIIH 

v%  +  f  G)k(q)vjdqk  =  Cl  =  const 


b  obipeM  BH^e,  h  2.  nojiyuaiOTca  iiHTerpajiBi  f  Dvl  =  vl  —  gli Aj  =  0,  rpe  A3  —  KOBapnaHTHO  nocToaiiHBie 
KOMnOHeHTBI  TeH30pa. 

B  poicjiape  bypeT  npiiBepeii  6ojiee  KOHKpeTHBiii  npiiMep  —  npo6jieMa  pByx  Teji.  Ha  ocHOBaHHH  axci-ioM 
HniOTOHa  nponcxopiiT  cjjopMyjia  ciijibi  BsaiiMopeftcTBiia  ppyx  Teji  na  paccToaHiiii  p(t),  b  Biipe 


F  = 


TO1TO2  p  +  pp+  V0r2 


m  1  +  m2  p 

KOTopaa,  npn  ycjiOBiiax  3aKOHOB  Kenjiepa,  nopoacpaeT  ii3BecTHyio  cJjopMyjiy  ciijibi 


F  = 


miwi2  a2,  47r2a3  toiTO2  ,m1m2 


-( P-PP)  = 


(mi  +  m2)T2  p2  ^  p2 


mi  +  m2 

h  cjie^OBaTejiBHO,  ,n,Hc|x|)epeHH,HajiBHBie  ypaBHemia  pBiKKemia 

Dp  _  m\  +  m2  D9_ 

dt  p2  '  dt 

TeH3opHBiM  HHTerpiipoBaHiieM  cjiepyiOT  nepBBie  TeH3opHBie  iiHTerpajiBi 


/ 


mi  +  m2 
P 


+  A, 


1 •  si 

Dd  =  e-^. 

p 1 


B  KOHpe  6yn,eT  noKa3aHO,  k&k  pa3pemeHa  BeKOBaa  npo6jieMa  napapoicca  TpaeKTopmi  Jly  hbi  . 


Tensorial  Integration  in  Mechanics 

Vujichich  V.A. 

Institute  of  Mathematics,  Beograd,  Serbia 

A  problem  of  tensorial  differential  equations  integration  is  considered.  A  two-body  problem  is  studied  as  an 
example. 
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HEJlHHEKHblH  ACHMIITOTHHECKHn  AHAJIH3  OCLtHJIMIjnH 
3AP5I>KEHHOH  KAIIJin  BH3KOH  >KH,Z^KOCTH 

rpHropt.es  A.H.,  >Kapos  A.H.,  >Kaposa  HT. 

flpocjiaecKuu  eocydapcmeewHuu  ynueepcumem  um.  77.  R  /[ eMudoea ,  Poccua 

AHajiiiTiiHecKiie  nccjie,n,OBaHHa  HejiiiHeimBix  ocpujuianyiH  3apa»ceHHBix  Kanejm  HaHajniCB  okojio  ,n,Byx  AecaTiuie- 
thh  Ha3a^,  h  hx  6ii6jinorpa4)iiH  HacuiiTBiBaeT  yme  6ojiee  nojiycoTHii  pa6oT,  ho  Bee  npoBe^,eHHBie  k  HacToaipeMy 
BpGMeHii  iiccjie^OBaHHH  BBinojiHeHBi  jii-iiHB  b  npii6jiii>KeHiiH  H,n,eajiBHOH  >kh,h,kocth.  OneBi-mHaH  npiiHHHa  Taxoro 
nojiWKeHHH  —  3HaHiiTejiBHaH  rp0M03,n,K0CTB  pacneTOB  HejiiiHeiiHBix  och,hjijihh,hh  Kanju-i  bh3koi"i  >kii,h,kocth.  TeM 
He  MeHee,  HejniHeimBie  och,hjijihh,iih  3apa»ceHHOH  Kanjni  bh3koi"i  >kh,h,kocth  BnojiHe  ,n,ocTynHBi  ,n,jin  aHajiHTHue- 
CKoro  aHajiii3a  b  paMKax  npocToro  aciiMnTOTHHecKoro  MeTO^a  npaMoro  pa3Jio>KeHHn  no  aMnjn-iTy^e  HauajiBHOii 
flecjDopMapHH,  no  KpaftHeft  Mepe,  b  KBa^paTHHHOM  no  aMnjiHTyn,e  nanajiBHoii  ^ecjDopMapnn  npn6jin>KeHnn. 

B  HacTonmeii  paboTe  nyTeM  npaMoro  pa3Jio»ceHHH  no  aMnjiHTyn,e  mhotomo/ipboh  HanajiBHoii  ^ecjDopMapnn 
paBHOBecHon  ccjDepnnecKon  <f>opMBi  nanjin  bo  btopom  nopa,n,Ke  MajiocTii  Hai*meHa  cjropMa  o6pa3yK>in,en  HejniHeii- 
ho  oceciiMMeTpimHO  ocpiijunipyiomeH  3apa»ceHHOH  nanjin  bh3koi“i  h ec >k h m aeM o h  3jieKTponpoBO,n,HOH  >kh/[,kocth. 
IloKa3aHO,  hto  cjjopMa  nanjin  nan  (JjyHKpiia  BpeMemi  npe^CTaBjieHa  6ecK0HenHBiM  pa,n,OM  no  kophum  ^ncnep- 
cnoHHoro  ypaBHeHiin  n  KOHenHoii  cyMMoit  no  HOMepaM  H3HanajiBHO  B036yn<yi,eHHBix  mo^.  ripoBe,zi,eHHBiH  aHajni3 
noKa3aji,  hto  b  bh3koi"i  >kh,h,kocth  .gojia  SHepruii,  nepeKamiBaeMon  3a  cneT  Hejnmeimoro  B3anM0^,encTBHii  H3 
mo^bi,  onpe^ejimomen  HauanBHyio  .geifiopMaiijiio,  b  HejiHHeiiHO  c  Hen  B3anMO,n,eHCTByiOHi,He,  nepe^aeTcn  He  Mrao- 
BeHHO,  nan  6bijio  b  H,n,eajiBHOH  xh^kocth,  ho  stot  npopecc  3aHiiMaeT  KOHenHBiii  HHTepBaji  BpeMemi:  aMnjiiiTygBi 
HejiHHeHHO  B036y»c^i,ai0Hi,HxcH  MOfl  BHanajie  pacTyT  ot  HyjieBoro  3HaneHHH,  a  3aTeM  SKcnoHeHipiajiBHO  3aTyxa- 
kdt  3a  cneT  bjihhhiih  bh3koctii.  B  ManoBa3Knx  >kh,h,kocthx  sto  npoiicxo^HT  KOjie6aTejiBHBiM  obpasoM,  a  chjibho 
bh3khx  anepno^HnecKH.  Han6ojiBmee  paoxonygemie  Meayny  aMnjmTy^HBiMii  KOScjjcjjimHeHTaMH  nonpaBOK  bto- 
poro  nopa/pca  MajiocTH  koscJd cjj h n h e h rra m h ,  BBiHiicjieHHBiMn  ,n,jin  cjiyuaa  MajiOBa3KOi"i  >kh,h,kocth  h  imeajiBHOii 
>kh,h,kocth  ria6jno,n,aiOTCH  ,n,jia  ochobhoh  mo^bi.  9to  CBa3aH0  c  npiicyTCTBiieM  b  MajiOBH3KOH  >kh,h,kocth  sjieMeH- 
TapHBix  Biixpeii,  KOTopme,  .zpia  MajiBix  HOMepoB  MOfl  Me^jieHiio  3aTyxaiOT,  h  noTOMy  0Ka3BiB aiOT  cymecTBeHHoe 
B03^,eiicTBHe  Ha  rpaHimy  Kanjni,  iiCKpiiBjiaa  ee  noBepxHOCTB. 

B  cjiynae  chjibhobh3kiix  nai^KOCTeii,  t&k  nee  Kan  h  b  cjiynae  MajiOBa3Kiix  nai^KOCTeii,  HanbojiBimie  HiicjieH- 
HBie  3HaneHHH  aMnjiHTyn,Horo  K034xf>im,HeHTa  nonpaBKii  BToporo  nopa/pca  MajiocTH  Ha6jno,n,aiOTCH  ^jih  ochob¬ 
hoh  mo,h,bi.  ripn  3tom  MaKCHMajiBHoe  3HaneHiie  ^aHHoro  KOScjjcjnmneHTa  chjibho  yBejiiiHiiBaeTca  c  yBejiiineHiieM 
noBepxHOCTHoii  njiOTHOCTii  3apa,ii,a.  Otmcthm  TaKnce,  hto  b  cjiynae  chjibhobh3khx  nai^KOCTeii  tohhoctb  aciiMn- 
TOTHnecKoro  BBipaiKeHHH  ,h,jih  cjjopMBi  KanjiH  3aBHCHT  ot  noBepxHOCTHoii  njiOTHOCTii  3apH,n,a.  C  yBejiiiHeHiieM 
KOTOpOH  TOHHOCTB  aCHMnTOTI-IHeCKOrO  BBipajKeHIIH  y Be jihhhb aeTCH . 

Ajih  cjia6o3apHJKeimoH  Kanjni  chjibho  bh3koi"i  jkh,h,kocth,  Kor,n,a  ocHOBHaa  MO^a,  a  3HaHiiT  h  bch  Kanjia 
ycTOHHHBBi  no  OTHOHieHiiio  k  co6cTBeiiHOMy  3apa^y,  a  aMnjiHTy^Bi  mo^i,,  onpe^ejiaiomiix  HanajiBHyio  ^ecjDop- 
Mapiiio,  y6BiBaiOT  SKcnoHeHpuajiBHO  co  BpeMeHeM.  IIpn  3aKpHTHHecK0M  3apa^e,  Kor,n,a  ocHOBHaa  MO^a  TepaeT 
ycTOHHHBOCTB,  a  Bee  6ojiee  BBicoKiie  mo,h,bi  ee  coxpaHaiOT,  KapTiraa  BpeMeHHoii  3bojik>h,iih  cJdopmbi  Kanan  ycao»c- 
HaeTca.  IIoKa3aTeaH  SKcnoHeHT,  b  KOTopnie  bxo^ht  KBa^paT  nacTOTBi  ochobhoh  mo^bi,  MeHaiOT  cboii  3HaK,  h 
cooTBeTCTByiomee  cjiaraeMoe  HamiHaeT  SKcnoHeHipiajiBHO  co  BpeMeHeM  B03pacTaTB,  Tor^,a  Kan  ocTajiBHBie  kom- 
noHeHTBi  npo^ojHKaiOT  yMeHBmaTBca  co  BpeMeHeM.  H  no  npomecTBiin  neKOToporo  iiHTepBajia  BpeMemi  ncxo^Haa 
flecjDopMapua  Kanjni  HCHe3HeT,  a  ee  cjjopMa  onpe^,ejniTca  ochobhoh  mo^oh,  T.e.  Kanjia  6y^eT  3BOjnou,iiOHHpoBaTB 
k  cjDiirype,  6jih3koh  k  BBiTaHyTOMy  c4)epoii,ii,y. 


The  Asymptotical  Analysis  of  Nonlinear  Oscillations  of  a 
Charged  Drop  of  a  Viscous  Liquid 

Grigor’ev  A. I.,  Zharov  A.N.,  Zharova  I.G. 

Yaroslavl  Demidov  State  University,  Russia 


The  analytical  solution  of  the  nonlinear  oscillation  of  a  charged  drop  of  a  viscous  conductive  liquids  problem  is 
derived. 


KJ1ACCHHECKAX  MEXAHHKA 
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OB  OAHOH  HECTAIJHOHAPHOH  MOAEJin  TEHEHM  rA3A 
no  MOPCKHM  rA30nP0B0AAM 

TpyHHHeBa  E.B.,  Kyp6aTOBa  T.H.,  nonoBa  E.A. 

CaHKm.-IJemepSypzcKuu  gocydapcmeemiuu  ynueepcumem,  Poccuh 
CaHKm-IJemepSypscKuu  gocydapcmeennuu  eopnuu  uHcmumym,  Poccuh 

Pa6oTa  HBjiaeTCH  npopojiJKeHiieM  HCCJiepoBaHiin  aBTopoB  no  co3paHiiio  Marre m arr h ' i ec ko h  Mopejin  Mopcmix  ra- 
3onpoBopoB  b  ceBepHbix  Mopsix. 

B  npepbipyrpnx  pa6oTax  6buia  npepjionceHa  MaTeMaTi-mecKaa  Mopejm  ycTaHOBiiBinerocji  Tenemia  rasa,  ko- 
Topaa  i-icnojib30Bajiacb  npn  npoeKTHpoBamin  Mopcmix  ra3onpoBopoB  b  BajiTiiiicKOM  h  BapemipBOM  Mopax 
(b  nacTHOCTii,  CeBepo-EBponeiicKoro  rasonpoBopa  b  BajiTHHCKOM  Mope  h  ra3onpoBopa  ot  IIlTOKMaHOBCKoro 
rasoKOH^eHcaTHoro  MecTopoxpeHiiH  po  Tepn6epKH  b  Bapemi,eBOM  Mope). 

CyTOHHbie,  ce30HHbie  h  ppyrne  HSMeHCHHa  peaaiMOB  SKcnjiyaTapmi  MopcKiix  ra3onpoBopoB,  He  roBopa  yace 
06  aBapniiHbix  ciiTyapnax,  Tpe6yiOT  pememia  3apami  b  HecTapiiOHapHon  nocTaHOBKe. 

B  nami-ix  npepbipyipnx  paboTax  paccMOTpeHa  CTapnoHapHaa  Mopejm  h  nojiyneHa  opemca  norpenmocTH  ne- 
pexopa  ot  pByMepHoro  om-icarnra  npopeccoB  k  opHOMepHOMy  npn  pacneTe  ochobhmx  xapaKrrep HCrr h  k  Tenemia. 
B  HacToaipeii  pa6oTe  paccMOTpeHa  opHOMepHaa  necTapnoHapHaa  nocTaHOBKa  3apaun  o  TeuemiH  CMecu  npnpop- 
Horo  rasa  b  Mopcm-ix  ra3onpoBopax  nocToarraoro  cenemia,  npojioaceHHbix  no  pHy  ceBepHbix  Mopeft. 

CyrpecTByeT  pap  paboT,  b  KOTopbix  pemaiOTca  noxoacne  3apaun  pjia  rasonpoBopoB,  npojioaceHHbix  no  cyme. 
BojibmiiHCTBO  3thx  pa6oT  ocHOBaHO  Ha  Mopejin  BaciuibeBa  O.®.,  BoHpapeBa  3. A.,  BoeBopima  A.O.,  Kamibo- 
aoTCKoro  M.A.  (BBBK).  Otmctiim  OTjnim-ia  paccMOTpeHHon  HaMii  m  arre  Marr  h  '  i  ec  ko  h  Mopejin  ot  Mopean  BBBK. 
CBepxBbicoKi-ie  paBaemia  Ha  Bxope  (  nopapxa  23  Mila)  noTpe6oBaan  yTOHHeHHoro  omicaHi-ia  ypaBHenna  cocto- 
HHiia  CMecn  ra30B,  b  CBa3n  c  neM  6biao  Bbi6paHO  ypaBHemie  cocToamia  PepjinxaAKBOHra.  YpaBHenne  6aaaHca 
BHyTpeHHeii  3Heprnn  n  KaaopnnecKoe  ypaBHemie  3anncaHbi  b  cjropMe,  coraacoBaHHoii  c  sthm  ypaBHemieM  co- 
ctohhhh.  IIcnoab30BaHHbie  rpaHHHHbie  ycaoBiia  no3BoaaK>T  OTpa3HTb  cnepiicjniKy  3apann:  ycaoBiia  KOHTaKTa  c 
rpyHTOM  n  B03MoacHOCTb  oaepeHeHiia  ra3onpoBopa. 

Ap a  nopo6Hbix  iiecTapiiOHapHbix  3apan  acjrcjDeKTHBHbi  nncaeHHbie  MeTopbi  nHTerpiipoBaHna,  ochob aHHbie 
Ha  HeaBHbix  pa3HOCTHbix  cxeMax.  Bbi6paHHaa  pa3HOCTHaa  cxeMa  aBaaeTca  opHoii  H3  MopiicJjHKanHH  cxeMbi 
TopyHOBa.  CxeMa  HMeeT  nepBbiii  nopapox  annpoKCHMapiiH  no  BpeMemi  h  BTopoii  —  no  npocTpaHCTBerraori  ne- 
peMeHHoii.  PacneTbi  npoBoprinncb  paa  caynaa  naaBHO  H3MeHaK>rn,Hxca  TeuemiH,  B03miKaioru,ero  npn  cyTOHHbix 
nan  HepeabHbix  H3MeHeHiiax  OT6opa  ra3a.  CiiCTeMa  pa3HOCTHbix  ypaBHemin  3aMbiKaaacb  cooTBeTCTByioipiiMii 
rpaHHHHbiMH  ycaoBi-iaMi-i  c  npiiBaenemieM  ponoaHHTeabHbix  cooTHomemin.  Ha  hobom  BpeMeHHOM  caoe  CiiCTeMa 
HeaiiHeiiHbix  ajirebpannecKiix  ypaBHeHiiii  pemaaacb  HTepapiiOHHbiM  MeTopoM,  a  aiiHeapH30BaHHaa  CiiCTeMa  — 
MeTopoM  nporoHKii. 

B  KanecTBe  npiiMepa  npiiBopiiTca  pacneT  xapaKTepiiCTiiK  TeneHiia  b  mopckom  ra3onpoBope  c  HeH3MeiiHbiMH 
bo  BpeMemi  paBnem-ieM  h  TeMnepaTypoii  Ha  aeBOM  KOHpe  h  H3MeHaiOHi,HMca  bo  BpeMemi  pacxopoM  Ha  npaBOM 
KOHpe.  npoBepeH  aHaaii3  pe3yabTaTOB  pacueTOB. 


On  a  Non-Stationary  Model  of  a  Gas  Flow  in  Marine  Pipelines 

Grunicheva  E.V.,  Kurbatova  G.I.,  Popova  E.A. 

Saint  Petersburg  State  University,  Russia 
Saint  Petersburg  State  Mining  University,  Russia 

The  work  is  a  part  of  authors’  research  on  a  creation  of  a  gas  flow  in  north  sea  pipelines  mathematical  model. 

A  one-dimensional  non-st ationary  model  of  a  gas  mixture  flow  in  marine  constant  section  pipelines  is 
presented  in  this  work.  A  numerical  method  which  is  based  on  an  implicit  difference  scheme  was  used.  Flow 
parameters  in  the  case  of  a  time  constant  pressure  and  temperature  at  the  beginning  and  a  time  varying 
consumption  at  the  end  were  calculated  as  an  example.  The  results  were  analyzed. 
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HEJIHHEHHA5I  flHHAMHKA  THEKOrO  OKATOrO  CTEP>KH5I 
c  no,n;BH>KHon  npoME^cyTOHHOH  onopon 

TycfaKOB  A.M.*,  IlaHOBKo  T.5I.** 

*MrTY  um.  H.9.  Bay  mom,  a,  Poccuh 
** HM ALU  PAH  um.  A. A.  Bnasoupaeoea,  Poccuh 

Hccjie^yeTca  MaTeMaTiiuecKaa  MO^ejit  HejiHHeHHoft  ^HHaMHKH  mi6Koro  CTepama  c  HauajibHbiMH  iiecoBepineH- 
CTBaMri  h  no^Bi-iamon  npoMeacyTonHon  onopoii.  CTepaceHb  cacaT  nepno^HHecKH  n3MeHaiomeHca  chjioh  (pnc.  1). 
IIpoMe>KyTOHHaH  onopa  cjiyaaiT  .zyia  B036y5K,n,eHiia  h  no^epacaHiia  ycTOiiuiiBbix  HejiHHeiiHbix  nonepeuHbix  ko- 
jie6aHi-n"i  CTepama.  ,H,aHHaH  pacneTHaa  cxeMa  Haxo,a,HT  npiiMeHeHiie  b  pa,n,e  TexHOjiornuecKiix  3a^aH  o6pa6oTKii 
pe3aHiieM  rjiy6oimx  OTBepcTiin. 

KpoMe  upaKTH'iecKOH  HanpaBjieHHOCTii,  iiccjie^OBaHiie  .gi-maMinm  paccMaTpiiBaeMOii  ciiCTeMbi  npe^CTaBjiaeT 
iiHTepec  c  to'ikh  3peHiia  aHajiii3a  B03HHKaioiii,Hx  cjioambix  HejiiiHei"iHbix  ^bh>k6hhh  h  bo3mo>khocth  hx  ynpaBjie- 
hhh.  IlMeroTca  ,a,Ba  MOin,Hbix  HCTO'iHHKa  B036yjKyi,eHiiH:  no,n,BHamaa  onopa  i-i  camMaiomaa  ciuia,  nepeMennocTb 
KOTopoii  Bbi3BaHa  oceBbiMi-i  Bii6pan,HHMii  KOHpa  CTepama,  r^e  ocymecTBjiaeTca  pesamie  MeTaxuia  c  n3MeHaio- 
meilca  tojiih,hhoh  cpe3aeMoro  cjioa.  B  HacToameii  paboTe  npopecc  pesamia  cxeMaTii3iipyeTca  H3BecTHbiM  nepno- 
flnaecKHM  3aKOHOM  H3M6HeHHa  npo,n,o.jibHoii  OKHMapoiueii  chjioh.  npoMeacyTOUHaa  onopa  Taicace  ocymecTBjiaeT 
nepno^nnecKne  ocpnjijiapmi  okojio  cpe^Hero  nojioacemia,  KOTopoe  MoaceT  6biTb  Bbi6paHO  npoii3BOJibHO  no  .gjiime 
CTepama.  IJejibio  TaKoro  ycTpoiicTBa  no^BiiacHon  onopbi  HBjiaeTca  co3^,aHne  onTHMajibHbix  ycjiOBiin  ,zyia  ppo6- 
jiemia  CTpyacKii  o6pa6aTbiBaeMoro  MaTepiuia,  c  nocae^yromiiM  ero  ya,aaenneM  6e3  BbiBO^a  iiHCTpyMeHTa  H3 
OTBepCTHH. 


/  ‘ 

v  J 

0) 

H  * 

■ 

*0 

^  v(f,  x)  ^ 
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Piic.  1  PaccMaTpimaeMaa  pacneTHaa  cxeMa. 

MaTeMaTiinecKoe  MO^ejinpoBamie  .gi-maMinm  pacnpe^eaeHHbix  ynpynix  ciiCTeM  c  no^BiiacHbiMii  ^BycTopoH- 
hhmh  CBa3aMii  npe^CTaBaaeT  onpe^ejieHHbie  TpygHOCTii.  B  ^aHHon  paboTe  npe^aaraeTca  BapnaHT  CBe^emia 
ypaBHemia  nonepeuHbix  KOJiebaHnft  CTepama  k  HHTerpajibHOMy  ypaBHemno  n  nocTpoemno  <J>yHKn,HH  Ppima, 
ymiTbiBaiomeH  BjinaHHe  no^Biiamon  CBa3n.  Ilocaeflyiomaa  ^HCKpeTHsapna  ocymecTBjiaeTca  mcto^om  KOHen- 
Hbix  cyMM  c  aBTOM aTii3npoB aHHbiM  Bbi6opoM  uiicjia  CTeneHeii  cbo6o^,bi  ^HCKpeTHoii  CHCTeMbi. 

B  pa6oTe  noKa3aHO,  hto  npn  BOsbyayn.eHiin  b  nepBoii  30He  rnaBHoro  napaMeTpiiuecKoro  pe30HaHca  B03Moama 
peaan3an,na  ycTOiiuiiBbix  HejiiiHeimbix  KOJiebaHHH  CTepama  Ha  iiojiobhhhoh  nacTOTe  Bn6pan,nn  onopbi.  HacTOTa 
H3MeHeHnn  npo^oabHoii  chjiui  b  pa^e  cjiyuaeM  OKa3biBaeTca  Hecon3MepnMOii  c  nacTOToii  Bn6pan,HH  onopbi.  Ilpe^i,- 
BapiiTeabHbie  iiccae^OBaHna  noKa3biBaiOT,  hto  peaaiMbi  cnHxpoHH3an,nn  aBaaiOTca  npe^nonTHTeabHbiMii  fljia 
npaKTHnecKHx  npiuioaceHiin.  Hccae^yeTca  Bananne  ynpaBaaiomiix  napaMeTpoB  na  cneKTp  Bn6pan,HH  CTepac- 
Ha  n  aMnjniTyny  KOJiebaHiin  no^BiiacHoro  KOHpa  CTepama.  HucjieHHO  ycTaHOBaeHbi  onTiiMajibHbie  nojioacemia, 
nacTOTa  n  aMnaiiTya,a  Bn6pan,HH  npoMeacyTonHoii  onopbi. 

Pa6oTa  BbinoaHeHa  npn  no^epacKe  rpaHTa  POOH  05-01-08062. 

Flexibal  Beam  with  Mobil  Support  Nonlinear  Dynamics 

Gouskov  A.M.*,  Panovko  G.Ya.** 

*  Bauman  Moscow  State  Technical  University,  Russia 

**  Blagonravov  Mechanical  Engineering  Research  Institute  of  Russian  Academy  of  Sciences,  Moscow,  Russia 

The  employment  of  the  long  slender  drill  bit  results  in  a  considerable  limitation  of  process  productivity  due 
to  the  high  flexibility  of  the  tool  and  the  necessity  of  thin  segmented  chip  formation  for  its  removal  from  the 
cutting  region.  One  method  of  chip  segmentation  is  applying  the  axial  vibrator  or  excitation  of  the  tool  axial 
vibration  due  to  the  regeneration  mechanism  of  chip  formation.  The  boundary  problem  are  reduced  to  the 
integral  Fredholm  equation  consider  the  auxiliary  boundary  problem.  The  considered  scheme  of  the  vibratory 
drilling  realization  occurs  to  be  efficient  if  the  parameters  corresponds  to  the  operation  in  the  region  of  the  main 
parametric  resonance  of  the  beam  lateral  vibrations. 
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K  BOIIPOCy  O  rHAPOAHHAMHTHECKOH  TEOPHH  CMA3KH 
nOAinnnHHKOB  CKOJIb>KEHH5I 

3aBt.ajioB  O.r. 

ypaAbcnuu  cov)uaA'bHo-3KOHOMWHecKuu  UHcmumym,  Poccua 

Pa3BHTne  MamiiHOCTpoeHiiH  h  npii6opocTpoeHiia  npiiBO/piT  k  nenpeptiBHOMy  yBejiiiHeHino  uncjia  o6opotob  Bana 
b  onopax  CKOJibJKemiH  h  CTaBiiT  cnepiicjDiiHecKiie  Bonpocw  flHHaMHKi  paccMaTpimaeMoft  cjioikhoh  MexaH  h  T i ec  ko h 
CHCTeMBi.  rioaTOMy  b  HacToamee  BpeMa  HacToarejiBHO  Tpe6yeTca  iiay'ieHiie  HecTaquoHapHoro  npocTpaHCTBeH- 
Horo  TeaeHiia  CMa3Kii  c  BKjnoueHiieM  b  ypaBHeHiia  flBHxeHaa  TOHKoro  Ba3Koro  caoa  jkh,ii,koctii  Menyziy  ,a,ByMa 
TBep,a,biMii  CTeHKaMH  Tex  ^onojiHiiTejitHbix  ujieHOB,  KOToptie  He  yHiiTbiBajmcb  b  KjiacciiuecKiix  paboTax  no  rrm- 
poflHHaMiinecKoii  Teopiiii  CMasKii.  noBbimeHiie  CKopocTeii  Bajia  na  CMa30HHOM  cjioe  onop  CKOJibacemia  Tpe6yeT 
pemeHiia  BonpocoB  CTa6HjiH3an,HH  paBHOBecHoro  nojioacemia  ypaBHOBemeHHoro  poTopa  hjih  nepno/piuecKoro 
^BiiaceHiia  HeypaBHOBememioro  poTopa.  toto  hto6bi  peiniiTb  stii  npo6jieMbi,  Tpe6yeTca  pememie  cjie^yro- 
m,iix  3a^,an  rii,npo,ii,HHaMiiHecKOH  Teopiiii  CMasKii: 

a)  pa3BHTi-ie  rii^po^HHaMHHecKoii  Teopiiii  CMa3Kii  6biCTpoxo,n,Hbix  poTopoB  b  cnopax  CKOJibaceHiia  c  yneTOM 
HecTapiiOHapHoro  npocTpaHCTBeHHoro  TeneHiia  CMasKii  npii  jiio6om  ^BiuKeHini  mirna  b  no^mimHiiKe; 

6)  BbiacHemie  CTpyKTypbi  chji  CMasouHoro  caoa  npii  necTaqiiOHapHOM  TeneHiiii  CMa3Kii  h  yneT  ynpyrrix,  ^eMncjui- 
pyiomiix,  mpocKonimecKiix  h  iiHepqiiOHHbix  chji  CMa3onHoro  caoa,  a  TaKace  HecTaqiiOHapHbix  pacxo,n,OB  CMa3Kii 
b  onope; 

b)  pa3pa6oTKa  MeTO,a,a  ci-iHTe3a  onop  CKOJibaceHiia  c  yneTOM  npirapimoB  i  n/ ;po/  hem h  '  rec  ko  h  Teopiiii  CMa3Kii  h 
c  3a,a,aHHi)iMH  iiHTerpajibHbiMii  xapaKTepncTHicaMH  cjioh  CMa3KH. 

lip h  pemeHHH  stiix  3aq.au  Heo6xoqiiMO  paccMOTpeTb  3 aMKHy Ty io  cucTeMy  ^iKjxjDepeHpiiajibHbix  HejniHeiiHbix 
ypaBHeHiiii  ^BiuKeHiia  poTopa  h  qonojiHHTejibHbix  ypaBHeHiiii,  KOTopbie  noaBjiaiOTca  npii  pemeHHH  3aq.au  rnqpo- 
/IHHaMH'iecKoii  Teopiiii  CMa3Kii.  Ha  ocHOBe  3aMKHyTOi"i  cucTeMbi  ypaBHeHiiii  pemaeTca  npo6jieMa  CTa6iuiii3aii,iiH 
^BiuKemia  poTopa  b  onope. 


Hydrodynamic  Theory  Lubrication  Tasks  of  a  Sliding  Bearing 

Zavyalov  O.G. 

Ural  Social  Economic  Institute,  Chelyabinsk,  Russia 

Development  of  mechanical  and  instrument  engineering  are  leading  to  increase  number  of  revolutions  shaft  in 
support  of  sliding  and  puts  specific  questions  of  dynamics,  which  research  complex  mechanical  system.  At  present 
it  is  important  to  research  non-stationary  spatial  stream  of  lubricant  with  inclusion  equations  of  movement  with 
a  thin  viscous  layer  of  a  liquid  between  two  firm  walls  of  those  additional  members  which  were  not  regarded  in 
classical  works. 

Increasing  speeds  of  a  shaft  on  a  lubricant  layer  of  sliding  support  demands  the  decision  of  stabilization  in 
equilibrium  position  of  the  counterbalanced  rotor  or  periodic  movement  of  the  unbalanced  rotor.  To  solve  these 
problems  it  demands  the  decision  following  tasks  of  the  hydrodynamic  theory  of  lubricant: 

a)  Development  the  hydrodynamic  theory  of  lubricant  high-speed  rotors  in  sliding  support  taking  into  account 
non-stationary  spatial  current  of  lubricant  at  any  movement  of  a  thorn  in  the  bearing; 

b)  Finding  out  the  structure  forces  of  a  lubricant  layer  at  non-stationary  current  lubricant  and  the  account 
elastic  damping,  gyroscopic  and  inertial  forces  of  a  lubricant  layer,  and  also  non-stationary  charges  of  greasing 
in  a  support; 

c)  Development  works  of  different  the  methods  of  sliding  support  synthesis  support  in  view  of  the  principles  of 
the  greasing  hydrodynamic  theory  and  with  the  given  integrated  characteristics  of  a  greasing  layer. 

The  decision  of  these  problems  allows  to  write  down  the  closed  system  of  the  differential  nonlinear  equations 
movement  of  a  rotor  and  the  additional  equations  which  appear  at  the  decision  problems  of  the  lubricant 
hydrodynamic  theory.  On  the  basis  of  the  closed  system  of  the  equations  the  problem  of  thorn  movement 
stabilization  in  a  support  is  solved. 
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MATEMATHHECKOE  MO^EJTHPOBAHHE  KOJIEEAHHK 
TPYEOnPOBOAA,  B03By^CAAEMbIX  BOJIHAMH  AABJIEHM 
BO  BHYTPEHHEn  ^CHAKOCTH 
3apnnoB  ,ZJ.M. 

HHcmumym  MexanuKU  y<fiuMCKoeo  nayunozo  yenmpa  PAH,  Poccun 

PaccMaTpi-maiOTCH  i-i3ri-i6Hbie  KOJie6aHiiH  ropii30HTajiBHOii  h  BepTiiKajiBHoii  Tpy6,  3anojiHeHHBix  jkh,ii,koctbio. 
B  jkh^koctii  pacnpocTpaHHeTCH  rapMOHiiHecKan  BOjma  ,a,aBjieHiiH.  Cpe,n,HHH  ckopoctb  ^bh>k6hhm  jkii^kocti-i  b 
Tpy6e  npiiHHMaeTCH  paBHofi  Hyjno.  Ha  KOHpax  CTaBHTCH  rpaHiiHHBie  ycjiOBiisi  mapHiipHoro  3aKpenjieHiui  hjih 
3aiu,eMjieHiiH.  IIpe^nojiaraeTCJi,  hto  npora6  Tpy6i>i  Maji  no  cpaBHemno  c  ero  ,h,jihhoh,  yroji  noBopoTa  none- 
penHoro  cenemiH  Man  no  cpaBHemuo  c  e^HHiipeii,  nonepenHoe  cenenne  Tpy6ni  npn  ee  H3rn6e  He  ii3MeHHeT 
CBoeii  reoMeTpnn.  Mexam-i3M  B03HiiKH0BeHiiH  KOJie6aHnn  o6ycjiOBjieH  B3anMO,ii,eHCTBHeM  H3MeHeHiin  bo  BpeMemi 
BHyTpeHHero  .gaBjieHiui  n  H3MeHenneM  kpiibh3hbi  ynpyroii  jihhhh  Tpy6ni.  HejinHeiiHOCTB  cncTeMBi  o6ycjiOBjieHa 
B3ariMO,n,eHCTBHeM  npo,n,ojiBHoro  ycnjinn  b  Tpy6e  n  Tannce  kpiibh3hbi  ynpyroii  jiiihiih. 

Ajih  pemeHHH  nocTaBjieiinoH  3a^,ann  paspa6oTaHa  iiTepaqiioiinaH  npope^ypa,  .zyia  KOTopoii  ,n,OKa3aHa  cxo- 
^hmoctb  c  jno6oro  nanajiBHoro  npHbjiHJKeHHH,  CBO/jamaa  pemeHiie  hcxo^hoh  HejniHeimoii  3a,n,aHH  k  nocjie^o- 
BaTejiBHOCTii  jiHHeiiHBix  3a,n,aH  c  hoctohhhbimii  ko3 (.})(.}) h  n h e HrraM  h  .  9to  no3BOJiiuio  Ha  KajK^oii  HTepan,HH  BBinn- 
CBiBaTB  pememie  b  Bime  psma  no  co6ctb6hhbim  (J>yHKij,iiHM  onepaTopa  neTBepToii  npoii3BO,n,HOH,  no^HiiHeimoro 
cooTBeTCTByiomiiM  o^hopo^hbim  KpaeBBiM  ycjiOBHHM  3a,n,aHH.  Pa3pa6oTaHa  nporpaMMa,  peajiirayiomaH  irrepa- 
pnoHHyio  npope^ypy  pemeHiia  3a,n,aHii  ,h,jih  o6ohx  TiinoB  KpaeBBix  ycnoBiiii. 

Onpe^eneHBi  ycnoBiia  B03HiiKH0BeHiiH  HejniHeimoro  pe30HaHca.  YcTaHOBjieHO,  hto  npn  pe30HaHCHBix  na- 
CTOTax  H3MeHeHiia  ^aBjieHiia  KOJie6aHiia  MoryT  hmctb  xapaKTep  bneHHH,  hto  o6T>HCHaeTCH  B3aHMO^,eiicTBHeM 
He  JiHHeiiHBix  BBiHyjK^eHHBix  h  napaMeTpHHecKHx  KOJie6aHiiii.  Onpe^ejieHa  KpiiTiiHecKaa  BejiHHHHa  BHyTpeiinero 
^aBjieHiia,  npn  npeBBimeHini  KOTopoii  B03HiiKai0T  .gonojiHiiTejiBHBie  nojioJKeHiia  paBHOBecua,  npuneM  npoMency- 
TOHHoe  nojiojKeiine  paBHOBecua  HBjiaeTca  HeycTOiiniiBBiM. 

npoBe^eH  napaMeTpHHecKHii  aHajiii3  bjihhhhh  aMnjiHTyn,Bi  h  nacTOTBi  bojihbi  ^aBjieHiia  Ha  xapaKTep  bo3hii- 
Kaiomiix  KOJie6aHiiii  Tpy6ni.  noKa3aHO  cymecTBOBamie  pa3jiiiHHBix  penaiMOB  KOJie6aHiiii:  nepno^iiHecKiix,  KBa- 
3HnepHOflHHecKHx,  xaoTHnecKHx  npn  H3MeHeHHH  nacTOTBi  hjih  aMnjniTygBi  bojihbi  ^aBjieHHa.  YcTaHOBjieHO,  hto 
npn  BejiHHHHe  flaBjieHiia,  cymecTBeHHO  MeHBmeii  KpiiTiiHecKoro  3HaHeHiia,  npn  jiio6bix  nacTOTax  B036yjKyi,eHHH 
Ha6jno^aiOTCH  jihhib  nepno^iiHecKiie  KOJiebaHiin  Majioii  aMnjniTygBi.  KojieGaHiia  6ojibihoh  aMnjiHTyn,Bi,  b  tom 
Hiicjie  h  xaoTHnecKHe,  B03HiiKaiOT,  Kor^a  BHyTpeHHee  ^aBjieHiie  npeBBimaeT  KpiiTiiHecKoe  3HaHeHiie.  npuneM 
pjm  B03HiiKHOBeHiiH  xaoTHnecKHx  KOjie6aHiiii  Heo6xo^,iiMO,  hto6bi  nacTOTa  bojihbi  ^aBjieHiia  6Buia  corjiacoBaHa 
c  nacTOTOii  cbo6o,h,hbix  KOJie6aHiiii  Tpy6bi. 

Paspa6oTaHa  nporpaMMa,  no3BOjijnoiii,aH  npocjie>KiiBaTB  ^HHaMiiKy  KOJie6aHiiii  Tpy6ni  npn  pa3JiiiHHBix  bxo^,- 
hbix  napaMeTpax.  KpoMe  Toro,  nporpaMMa  no3BOJiaeT  npoBO^iiTB  aHajiii3  xapaKTepa  KOjie6aHiiii  b  pa3jiiiHHBix 
npocTpaHCTBax  BapBiipyeMBix  napaMeTpoB  Ha  ocHOBe  Tex  hjih  iihbix  xapaKTepncTHK  ^HHaMHHecKHx  cucTeM, 
bbihbjihtb  o6jiacTii  nepiio,n,iiHecKHx  h  xaoTHnecKHx  KOjie6aHiiii.  B  nacTHOCTii,  nojiyneHBi  .gaHHBie,  iijunocTpii- 
pyiomiie  CTeneHB  xaoTiiHHOCTii  KOJie6aHiiii  Ha  ocHOBe  BejiHHHHBi  pasMepHOCTii  XayqgopcjDa  npn  BapBiipoBaHiiii 
KaKHx-jin6o  ,n,Byx  napaMeTpoB  cncTeMBi.  nocTpoeHBi  KapTBi  penaiMOB  KOJieGaHiiii  Tpy6onpoBO^a,  npoBO^a  aHa- 
jii-13  KOTopBix  mojkho  no,n,o6paTB  napaMeTpBi  ^jih  6e3onacHBix  penciiMOB  KOJie6aHiiii. 

Hccjie^OBaHBi  cpeHapHH  nepexo^a  k  xaorr h nee k h m  KOJie6aHiiHM  npn  nocTenennoM  H3MeHeHHH  o^,hoi"i  h3  Bejiii- 
hiih:  cpe^Hee  ^aBjieHiie,  aMnjiiiTy^a  hjih  nacTOTa  H3MeHeHHH  ^aBjieHiiH.  noKa3aHO,  hto  nepexo,n,  k  xaocy  MoaceT 
oeymecTBjiHTBCH  nepe3  6ii<j.)ypKanHio  y^BoeHim  nepno^a,  ftntJjypKanHK)  Xoncjia,  a  TaK»ce  nepe3  o6e  cxeMBi  o^- 
HOBpeMeiino. 

Mathematical  Modeling  of  the  Pipeline  Vibrations  under  the  Action 
of  Pressure  Waves  in  Internal  Fluid 
Zaripov  D.M. 

Institute  of  Mechanics,  Ufa  Branch  of  Russian  Academy  of  Sciences,  Russia 

Bending  vibrations  of  a  pipeline  are  considered  under  the  action  of  pressure  waves  travelling  in  internal  fluid. 
An  iterative  method  is  developed  for  solving  the  nonlinear  hyperbolic  equation  describing  pipe  vibrations. 
Algorithms  and  code  for  numerical  calculations  are  developed  on  the  basis  of  this  iterative  method.  The  analysis 
of  the  pressure  wavelength  influence  on  the  vibration  character  is  conducted.  The  dependence  of  free  vibrations 
on  the  initial  deflection  position  is  investigated.  When  the  pressure  in  fluid  exceeds  a  critical  value,  the  character 
of  vibrations  changes  qualitatively  depending  on  the  initial  deflection  position.  The  mentioned  factors  and  the 
actions  of  pressure  waves  are  the  reason  of  complex  vibrations  including  periodic  and  chaotic  ones.  Excitation 
conditions  of  forced  and  parametric  vibrations  are  found  for  small  amplitudes  of  variable  pressure  wave. 
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KPHTEPHH  ABCOJIIOTHOH  yCTOHHHBOCTH  HEJIHHEHHBIX 
MEXAHHHECKHX  H  YIIPABJI^IEMBIX  CHCTEM  C  SAnAS^BIBAHHEM 

3eBHH  A. A. 

MHcmumym  mpcmcnopmHux  cucmeM  u  rnexHOJioeuu  HAH  Ynpaunu 

PaccMaTpi-iBaeTca  BeKTopHoe  HHTerpajiBHoe  ypaBHem-ie  BojiBTeppa 

x(t)  =  u(t)+[  W(t,  s)f(x(s  —  r(s)),s)ds,  (1) 

Jo 

x  €  Rn ,  W(t,s)  =  [wik(t,s)]"k=1,  ||u(f)||  <  Cexp(-at) 

HejiiiHeiiHaH  cJjyHKpiiH  f(x,t)  jiii6o  orpamineHa  no  HopMe  (||/(x,f)||  <  fc||x||  ),  jih6o  HMeeT  CKajiapHBie  kom- 
noHeHTBi,  ya,OBjieTBop5nom,ne  HepaBeHCTBaM  /,(rE,;,  t)|  <  k^xf  (Hejn-iHGHHOCTB  BToporo  Tima  xapaKTepHa  pjm 
cncTeM  ynpaBjiemiH,  coctohiuhx  H3  jniHeiiHoro  6jiOKa  c  h e j  1  h  h e h  h  hi m  h  obpaTHBiMH  cbh3hmh  [1]). 

K  ypaBHemno  (1)  cbo^htch,  b  nacTHOCTi-i,  ^iKjKjjepeHpuajiBHBie  h  ^pyrae  SBOjnouyiOHHBie  ciiCTeMM,  cocto- 
i-riiuie  H3  jii-iHeimoH  h  HejniHeiiHoii  nacTeii;  npn  stom  W (t,  s)  —  sbojiiophohhbih  onepaTop  jiHHefiHofi  nacTii. 
I43BeCTHBie  KpHTepi-IH  yCTOHHIIBOCTH  TaKHX  CHCTeM  yCTaHOBJieHBI ,  rjiaBHBIM  o6pa30M,  MeTO,a,OM  cjjyHKHHH  HJIH 
(J>yHKn,riOHajiOB  JlanyHOBa  (cm.  o63op  [2]).  B  ^aHHon  paboTe  H3JiaraeTCH  hobbih  no^xo^,  ocHOBaHHBin  Ha  opeHKax 
pernem-iii  ypaBHemiH  (1)  [4]. 

IIojiyneHO  ,n,ocTaTOHHoe  ycjiOBiie  a6cojnoTHon  SKcnoHeHipiajiBHon  ycTonniiBOCTi-i  ypaBHemiH  (1),  BBipanceH- 
Hoe  Henocpe^CTBeHHO  c  noMonipio  W(t,  s),  k  h  kp,  sto  ycjiOBiie  cnpaBe^jniBO  npn  jik>6oi“i  KyconHO-HenpepBiBHon 
orpaHiineHHoii  cJiyHKHHH  3ana3^BiBaHiiH  r(t).  YKasaHBi  cjiynan,  Kor^,a  Haimeniioe  ycjiOBne  He  tojibko  floCTa- 
tohho,  ho  h  Heo6xoflHMO.  B  nacTHOCTi-i,  nocjie^Hee  HMeeT  MecTO,  ecjin  MaTpnpa  W(t,  s)  neoTpupaTejiBHa  jih6o 
criMMeTpriHHa;  npn  stom  rpaHiiphi  o6jiacTei"i  yCTOHHIIBOCTH  ^ocTiiraiOTCJi  Ha  jniHeiiHBix  cjDyHKpiiHx  /( x,  t)  h 
fi(xi,t),  a  cooTBeTCTByromiie  npim-mecKi-ie  3HaneHHH  napaMeTpoB  k  h  ki  He  3aBiiCHT  ot  3ana3,n,BiBaHHH  r(f). 
B  cjiynae  CKajiapHoro  ypaBHeHiin  (1)  (n  =  1)  HaimeHHoe  ycjiOBiie  Taione  Heo6xo^HMO,  npn  stom  b  cjiyuae 
3HaKonepeMeHHOH  <J>yHKH,HH  W(t,  s)  rpamma  yCTOHHIIBOCTH  ^ocTiiraeTCH  npn  «niijioo6pa3HOM»  3ana3^BiBaHHH. 
Ha  ocHOBe  nojiyneHHBix  pe3yjiBTaTOB  yCTaHOBJieHBI  TOHHBie  Kpi-iTepini  yCTOHHIIBOCTH  HeKOTopBix  HejiimeHHBix 
MexaHH'iecKHx  h  ynpaBjnieMBix  CHCTeM.  B  nacTHOCTi-i,  pemeHa  o6o6iu,eHHan  3a^,ana  Jlypne  ^jih  npoii3BOJiB- 
HOii  HeaBTOHOMHOH  JII-IHeHHOH  CHCTeMBI  C  HeiI3BeCTHBIM  3ana3^,BIBaHIieM  B  HejIHHeftHOH  o6paTHOH  CBH3II  [3]  (3Ta 
3a^3,ana  cbo^htch  k  CKajiapHOMy  ypaBHeHino  (1)).  HaimeHBi  KpiiTepini  ycTOHHHBOCTH  MexaHwiecKOH  CHCTeMM, 
omiCBiBaeMoii  BeKTopHBiM  ^i-KjKjjepeHpiiaiiBHBiM  ypaBHemieM  BToporo  nopa^Ka  c  orpaHiiHenHon  no  HopMe  Hejni- 
HeHHOCTBio,  co^,ep»caiii,eH  npoii3BOJiBHoe  3ana3^BiBaHHe. 

JlmepaTypa 

[1]  Bopohob  A. A.  Yctohhhboctb,  ynpaBjiaeMOCTb,  Ha6jiioflaeMOCTb.  M.:  HayKa,  1979. 

[2]  Richard  J.-P.  Automatica,  2003,  Vol.  39,  pp. 1667-1694. 

[3]  3eBHH  A. A.  /loKjiaflbi  PAH,  2005,  T.72,  1,  c.  645-648. 

[4]  3eBiiH  A. A.  ^OKjiaflbi  PAH,  2006,  T.410,  N®  5. 


Absolute  Stability  Criteria  for  Non-Linear  Mechanical  and 
Control  Systems  with  a  Time  Lag 

Zevin  A. A. 

Institute  of  Transport  Systems  and  Technologies,  Dnepropetrovsk,  Ukraine 

Systems  including  a  prescribed  linear  part  and  uncertain  norm  bounded  nonlinearities  with  an  arbitrary 
time-varying  delays  are  considered.  Sufficient  delay-independent  conditions  for  global  exponential  stability  are 
obtained.  For  some  systems,  these  conditions  are  also  necessary. 
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AHHAMHHECKHH  AHAJTH3  HEJIHHEHHbIX  HErOJIOHOMHbIX 
CBH3EH  BbICOKOrO  nOP^AKA 

3erjK,n,a  C.A.,  CojiTaxaHos  LQ.X.,  IOuikob  M.II. 

CaHKm-IJemep6yp2CKUu  zocynueepcumem,  Poccuh 
PeneHCKuil  zocynueepcumem 

ITpiIBO^I'ITCH  flHHaMHHeCKHH  aHajIH3  flBHJKeHHH  CnyTHI-IKa  3eMJIH  npil  HajIH'IHH  HerOJIOHOMHBIX  CBH3ei"l  BBICOKOrO 
nopH,a,Ka.  rioKa3BiBaeTCH,  hto  njiaBHBiii  nepexo.ii,  cnyTHiiKa  c  o,h,hoh  KpyroBoii  op6iiTBi  Ha  ,a,pyryio  moikbt  6bitb 
ocymecTBjieH  3a  cneT  HajioxceHiiH  HerojiOHOMHoii  cbh3h  TpeTBero  nopa^Ka. 

PaccMaTpiiBaeTCH  TaKxce  ^BiixceHiie  cnymiiKa  c  hoctohhhbim  no  MO.ny.jno  ycKopemieM.  Oho  o6ecneHHBaeTCH 
HajiOHcem-ieM  HejniHeiiHOH  HerojiOHOMHOH  cbh3h  BToporo  nopa^Ka. 

CpaBHHBaiOTCH  ^.Ba  no^xo^a  k  pemeHino  3toi"i  salami.  nepBBiii  no^xo^i,  ocHOBaH  Ha  npiiMeHeHim  o6o6ru,eHHO- 
ro  npiiHipma  Taycca.  B  stom  cjiynae  npn  jik>6om  SKcpeHTpuciiTeTe  iicxo^hoh  sjuninTHnecKOH  op6i-iTBi  cnyTHHK 
acriMnTOTHHecKii  bbixo^ht  Ha  npHMOJiHHeiiHoe  ^.BHHceHHe  c  nocTOHHHBiM  ycKopeHiieM.  ripn  BTopoM  no^xo^e 
iicnojiB3yeTCH  k j \ acc h  t rec k h  h  npimpiin  Taycca.  9to  npiiBO^HT  k  .gBiuKeHino  Mexc^y  ,n,ByMH  KOHH,eHTpiiHecKHMH 

OKpy  >K  HOCl’HM  H . 


The  Dynamic  Analysis  of  High-Order  Non-Linear  Non-Holonomic  Constraints 

Zegzhda  S.A.,  Soltakhanov  Sh.Kh.,  Yushkov  M.P. 

Saint  Petersburg  State  University,  Russia 
Chechnya  State  University 

The  paper  presents  the  dynamic  analysis  of  the  Earth  satellite  motion  in  the  case  of  high-order  non-holonomic 
constraints.  It  is  shown  that  the  smooth  satellite  passage  from  one  circular  orbit  to  another  can  be  done  by  a 
third-order  non-holonomic  constraint  application. 

Here  is  also  considered  the  satellite  motion  with  the  modulo  constant  acceleration.  It  is  provided  by  a 
second-order  nonlinear  non-holonomic  constraint  application. 

Here  we  compare  two  approaches  to  the  problem  resolving.  The  first  one  is  based  on  the  generalized  Gauss 
principle  application.  In  this  case  having  any  kind  of  excentricity  of  the  initial  elliptical  orbit  the  satellite 
proceeds  asymptotically  to  rectilinear  motion  with  constant  acceleration.  In  the  second  approach  the  classic 
Gauss  principle  is  used.  This  results  in  the  motion  between  two  concentric  circumferences. 


KJ1ACCHHECKAX  MEXAHHKA 
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OCOBEHHOCTH  IIPHMEHEHH2  HTEPAIJHOHHblX  METO^OB 
AM  PA3PEIHEHH5I  YPABHEHHH  ABH^EHM  CHCTEM 
CB5I3AHHbIX  TBEP^blX  TEJ1 

HuaHOB  B.H. 

IJepMCKUu  socydapcmeeHHUv,  ynueepcumem,  Poccua 

JpsiR  cjDopMiipoBaHHH  ypaBHeHiiii  flBHJKeHHH  (XU)  MHoroMaccoBBix  ciiCTeM  TBep,n,Bix  Ten  co  CTpyKTypoii  ^epeBa 
Hepe^KO  iicnojiB3yK>TCH  o6m,i-ie  ypaBHemiH  .giiHaMiiKii,  ypaBHeHiiii  JlarpaHnca  I  po,n,a  h  ypaBHeHiiii  b  h36bitohhbix 
KBa3iiKOop,a,iiHaTax  [1,2].  9to  CBH3aHO  c  tcm,  hto  npii  ^aHHOM  no^xo^e  cyipecTByiOT  ajiropiiTMBi  pa3penieHiin 
ypaBHeHiiii  ^bh>k6hhh  OTHOCiiTejiBHO  peaKipift,  MHOJKHTejieii  JlarpaHHca  h  ycKopeHiiii,  b  kotopbix  hiicjio  apnij)- 
MeTHHecKiix  onepapnii  (BBiHiicjniTejiBHaH  TpypoeMKOCTb)  pacTeT  juiHeiiHO  b  3aBHCHMOCTH  ot  KOjninecTBa  Ten  b 
MexaHiriecKOH  ciiCTeMe.  Hanpimep,  npii  iicnojiB30BaHHH  anropiiTMOB  HyjiB-npocTpaHCTBa  ciiCTeMa  jniHeiiHBix 
ajire6paiiHecKiix  ypaBHeHiiii  OTHOCiiTejiBHO  MHOJKHTejieii  JlarpaHiKa  h  ycKopeHiiii  MO»ceT  6bitb  npiiBepeHa  k  jieH- 
TOHHOii  CTpyKType,  h  npii  ee  pa3pemeHiiii  mojkho  npiiMeHHTB  MeTopbi  nporoHKH.  C  stoii  tohkii  3peHiin  MeTopni, 
ocHOBaHHBie  Ha  i-icnojiB30BaHHii  ii36bitohhbix  nepeMeHHBix,  OKa3BiBaiOTCn  6ojiee  3(J>4)eKTiiBHBiMH  no  cpaBHeHino 
c  anropiiTMaMi-i  (J>opMiipoBaHiin  ypaBHeHiiii  pBiuKeHiiH  b  o6o6m,eHHBix  KOoppiiHaTax. 

C  ppyroii  ctopohbi,  TOHHBie  ajiropiiTMBi  pa3peineHiin  ypaBHeHiiii  pBiuKeHiia,  ocHOBaHHBie  Ha  MeTopax  kh- 
HeTOCTaTiiKii  hjih  npeo6pa30BaHiiH  ypaBHeHiiii  pbh>k6hhh  k  jieHTOHHoii  CTpyKType,  BKjnonaiOT  b  ce6n  ponojiHii- 
TejiBHBie  MaTpiiHHBie  onepapHH.  B  pe3yjiBTaTe  OKa3BiBaeTcn ,  hto  xoth  o6m,an  TpygoeMKOCTB  ajiropiiTMOB  pacTeT 
jiHHeiiHO,  ho  K09<JxJ)HH,HeHT  nponoppuoHajiBHOCTii  nojiynaeTCH  pocTaTOHHO  6ojibhiiim,  ii  scJwfieKTiiBHOCTB  stiix 
MeTopoB  iiaHimaeT  npoHBjiHTBCH  tojibko  Torpa,  Korpa  hiicjio  Teji  b  MexaHHHecKoii  CiiCTeMe  npii6jni:>KaeTCn  k  CTa. 

B  poRjiape  npepcTaBjieHBi  p,Ba  iiTepapiiOHHBix  ajiropiiTMa  cjiopMiipoBaHiiH  h  paspemeHiiH  othochtcjibho 
ycKopeHiiii  XA  chctcm  CBH3aHHBix  TBeppnix  Teji  6e3  hbhoto  (J>opMiipoBaHiin  MaTpiuipi  chctcmbi.  AjiropiiTMBi 
npepcTaBjuiiOT  co6oii  MopiitjDHKanHH  opHoro  MeTopa  nepeMeimoii  MeTpiiKii  6e3ycjiOBHoii  MiiHiiMii3aii,iiii  h  perne- 
hiih  CHCTeM  HejiiiHeiiHBix  ypaBHeHiiii  c  ciiMMeTpiiHHoii  nojioJRiiTejiBHO  onpepejieHiioii  MaTpupeii  Hko6ii  -  cxeMBi, 
ocHOBaHHoii  Ha  CiiMMeTpiiHHoii  opHopaHroBoii  (JiopMyjie  nepecneTa  flaysjuia-BpoimeHa.  Mo^HcfwKauHii  HanpaB- 
jieHBi  Ha  ncnojiB30BaHiie  paspeiKeiinocTii  CTpyKTypBi  chctcmbi.  B  nepBOM  MeTope  pemeHiie  chctcmbi  pocTiiraeTCH 
3a  KOHeHHoe  hiicjio  HTepapnii  npii  OTcyTCTBim  cxo^hmocth  npn6jiii>KeHiiii  k  MaTpupe  Hko6ii.  Bo  btopom  aji- 
ropiiTMe  nocjiepoBaTejiBHOCTii  npH6jrn>KeHHH  K03(J>4HiIlIieHTOB  Marpiinbi  ciictcmbi  h  ycKopeHiiii  cxo,h,htch  k  hx 
TOHHBIM  SHa'ieHHHM,  OpHaKO  CKOpOCTB  CXOpiIMOCTII  tojibko  CBepxjiiiHeiraa. 

B  poKjiape  Ha  npiiMepax  noKa3aHO,  hto  ncnojiB30BaHiie  sthx  ajiropiiTMOB  no3BOJineT  pacmiipiiTB  npiiMeHii- 
MOCTB  MeTOpOB  (JlOpMIipOBaHIIH  ypaBHeHiiii  pBHJKeHHH  B  II36BITOHHBIX  nepeMeHHBix  pjIH  MexaHHHeCKHX  CHCTeM 
c  He6ojiBHiHM  hiicjiom  Teji.  IIoBBiHieHiie  3c[)4)eKTHBHOCTii  pocTiiraeTCH  3a  cneT  bo3mojkhocth  ncnojiB30BaHiin 
pemeHiiii,  HaiipeHHBix  Ha  npepBipyrpiix  marax  iiHTerpupoBaHiiH  b  KanecTBe  HanajiBHBix  npii6jiii>KeHHii,  a  TaK- 
»ce  3a  cneT  yMeHBHieHiiH  Hiicjia  iiTepapnii,  Tpe6yeMBix  tojibko  pjin  yTOHHeHiia  MajiBix  B03Mym,eHHH  b  MaTpupe 
CHCTCMBI. 

PaSoTa  BBinojiHeHa  npii  noppepiKKe  PoccuiicKoro  (f>OH,ii,a  (JiyHpaMeHTajiBHBix  uccjiepoBaHiiii  (npoeKT  Ne  06- 

01-00381a). 
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Application  of  Iterative  Methods  for  the  Solution  of 
the  Multibody  System  Equations 
Ivanov  V.N. 

Perm  State  University,  Russia 

A  new  iterative  methods  for  solving  of  symmetrical  positive  definite  linear  systems  are  considered  in  the  report. 
These  methods  could  be  used  for  modeling  of  dynamic  systems.  It  is  shown  that  they  are  the  modification  of 
Powell-Broyden  method.  The  main  properties  of  the  offered  methods  are  considered.  Comparative  efficiency  of 
the  methods  is  shown  on  the  examples. 
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OIJEHKH  HEJlMHEKHOn  BHBP03AmHTbI  nPHEOPHOK 
MEXAHHHECKOH  CHCTEMbI  C  CTEIIEHHMH  CBOEOAbI 

nsaHOB  C.E. 

CaHKm-nemep6ypecKuu  socydapcmeennuu  ynueepcumem  uwfiopMayuoHHUx  mexHOJiosuu 

MexanuKU  u  onmuKU  (HTMO),  Poccuh 

PaccMaTpi-iBaeTca  Hejii-iHei“maH  rojiOHOMHan  MexaHiinecKaH  ciiCTeMa  c  ,n,ByMH  CTeneHHMH  cboSo^bi,  ycTaHOBjieH- 
Haa  Ha  Bubpiipyromeii  njiaTcjropMe  nocpe^CTBOM  aMopTH3aTopoB  h  .geMncjrepoB  c  He j i h hch h bi m h  nojii-moMi-iajiB- 
HhiMH  xapaKTepiiCTHKaMri .  IIpe^nojiaraeTCH  hto  npiiBe,n,eHHBiH  KO'j(]:)(])HHHeH  r  iiHeppini  no  o,h,hoh  KOop/pmaTe 
cymecTBeHHO  6ojibme  npiiBe^eHHoro  KOScjjcjMipiieHTa  imepuMH  no  BTopoii  KOop/pmaTe.  MeTO,n,OM  MHoronjieHHBix 
npeo6pa30BaHHi"i  BBmejunoTcn  cymecTBemiBie  nocTOHHHBie  napaMeTpni  MexaHnnecKofi  cncTeMBi,  onpe^ejunomne 
nanecTBO  ycTaHOBiiBninxca  n  nepexo,n,HBix  npopeccoB.  IIphbo^htch  npiiMepni. 

Tannce  paccMaTpimaiOTCH  HejinHeiiHBie  KOJie6aHna  cncTeMBi  c  o,h,hoh  CTeneHBio  cbo6o,h,bi  c  nojiriHOMnajiBHBiMH 
xapaKTepncTHKaMH,  KOTopoii  BBinojiHaeTca  MHoronjieHHoe  npeo6pa30BaHiie. 


Evaluations  of  a  Nonlinear  Vibroprotection  of  Instrument  Mechanical 
System  with  Two  Degrees  of  Freedom 
Ivanov  S.E. 

Saint  Petersburg  State  University  of  Information  Technologies  of  Mechanics  and  Optics,  Russia 

The  nonlinear  holonomic  mechanical  system  with  two  degrees  of  freedom,  installed  on  a  vibrating  platform  by 
means  of  dampers  with  nonlinear  polynomial  characteristics  is  considered.  The  reduced  coefficient  of  inertia  on 
one  coordinate  is  essentially  more  than  the  reduced  coefficient  of  inertia  on  the  second  coordinate.  The  method 
of  polynomial  transformation  selects  significant  fixed  parameters  of  mechanical  system,  defining  quality  steady 
state  and  transient  behavior.  Examples  are  given.  Also  nonlinear  oscillations  of  a  system  with  one  degree  of 
freedom  with  polynomial  characteristics  are  considered.  For  this  system  polynomial  transformation  is  carried  out. 


KJ1ACCHHECKAX  MEXAHHKA 
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K  YCTOHHHBOCTH  yCTAHOBHBIHHXC5I  ^BH>KEHHn  CB5I3AHHbIX 

MEXAHHHECKHX  CHCTEM 

KpaCHHCKHH  A. 51. 

Mry  npuKAadnou  SuomexnoAoeuu,  Mooted,  Poccuh 

PaccMaTpi-maiOTCH  MexaHiiuecKiie  chctbmbi,  CTecHeHHBie  flH<J)<J)epeHii,Hajii>HijiMH  iiHTerpiipyeMbiMi-i  hjih  neiiHTe- 
rpiipyeMbiMH  CBH3HMH.  HeiiHTerpupyeMBie  cbh3h  MoryT  6bitb  o,h,hopo,i],hbimh  hjih  Heo,n,Hopo,ii,HBiMH.  CucTeMa 
MO»ceT  naxo^HTBCH  nofl  ^eiiCTBiieM  npoii3BOjiBHBix  o6o6m,eHHBix  chji,  npnueM  npe.n,nojiaraeTCJi,  hto  stii  chjibi 
h  KiiHeTHHecKaH  SHepniH  He  HapymaiOT  ycjiOBiiii  TeopeM  cymecTBOBaHiia  h  e,a,HHCTBeHHOCTH  ^HcjjcjjepeHpHajiB- 
HBIX  ypaBHeHIlii.  yCTaHOBIIBIHIieCH  flBHJKeHHJI  CBH3aHHBIX  CHCTeM  3aHaCTyiO  OKa3BIB aiOTCH  paCnOJIOHCeHHBIMH 
Ha  MHoroo6pa3iiHx  Tex  hjih  iihbix  pa3MepHOCTei"i.  PlocjieflHee  o6cTOHTejiBCTBO  npnBOflHT  k  6ojiBmoMy  pa3HO- 
o6pa3iiio  bo3mo>khbix  nocTaHOBOK  3a,n,aH  06  vctoh'ihbocth  h,  ^jih  ynpaBjineMBix  CHCTeM,  —  o  CTa6iuiH3aii,HH. 
B  CBH3H  c  3THM  npn  nocTaHOBKax  cooTBeTCTByiomiix  3a,n,aH  rieo6xo,n,HMBi  CTporocTB  h  nojiHOTa  cjjopMyjinpoBOK 
(KaKaa  —  ycTOiiuiiBOCTB  paccMaTpiiBaeTCH  —  aciiMnTOTHuecKaji  hjih  HeaciiMnTOTHuecKaji,  Bcero  MHoroo6pa3iisi 
hjih  OT^ejiBHOH  ero  tomkh,  no  OTHomeHiiio  k  KaKiiM  KOHKpeTHO  nepeMeHHBiM  h  npn  KaKiix  hmchho  HauajiBHBix 
B03Mym,eHH5ix) . 

B  flaHHOii  paboTe  aHajiii3iipyiOTCJi  h  yTOHHHiOTCH  KaK  paHee  paccMOTpeHHBie  salami  06  ycTOHHHBOCTH  h 
CTa6HjiH3aH,HH  KOHKpeTHBix  CHCTeM  (HanpiiMep,  [1,2,3]),  Tan  h  npiiBO^HTCH  nocTaHOBKii,  b  tom  uncjie  flOCTa- 
tohho  o6miie,  3a,n,aH  ycTOHHHBOCTH  h  CTa6iuiH3aH,HH,  b  uacTHOCTii,  CTauyiOHapHBix  ^BiraceHiiii,  OTjiiiHHBie  ot 
H3BecTHBix  [4],  a  TaK»ce  o6cy»c,ii,aiOTCJi  nojiyuemiBie  b  hhx  pe3yjiBTaTBi.  TIpii  stom,  b  ciuiy  ycjioJKHeHiisi  sala¬ 
mi  (HanpiiMep,  BBincHeHiisi  bo3mo>khocth  coxpaHeHiiH  acHMnTOTHuecKoft  no  uacTii  nepeMeHHBix  ycToiriHBOCTH 
nocjie  npoBe^eHiiH  3aMeH  Teopiiii  kphthhcckiix  cjiyuaeB)  B03HiiKaeT  npo6jieMa  nojiyneHiiH  ypaBHeHiiii  .nproKe- 
hiih  b  cjjopMe,  ^onycKaiomeii  aHajiii3  CTpyKTypni  HejiiiHeiiHBix  ujieHOB  c  tohkh  3peHiiH  CBo6o,n,Horo  bxojk^chhm 
KpiiTiiHecKiix  nepeMeHHBix.  B  pa6oTe  CHCTeMaTHuecKH  ncnojiB3yiOTCJi  BeKTopHO-MaTpiiHHBie  ypaBHemiH  B03My- 
memioro  flBHJKeHHn  [5]  b  nepeMeHHBix  JlarpaHHca,  Payca,  PaMiuiBTOHa,  npiiueM  aHajiH3iipyiOTCJi  npeiiMyipecTBa 
HcnojiB30BaHHH  nepeMeHHBix  paajinuHBix  TimoB  b  3aBHCHMOCTH  ot  paccMaTpiiBaeMBix  KjiaccoB  3a^,an. 
06cy»c^i,aiOTCJi  BonpocBi  aBTOMaTH3an,HH  npe^jiaraeMoro  MeTO^a  iiccjie^OBaHHH. 
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On  the  Stability  of  Steady  Motions  of  Constrained  Mechanical  Systems 

Krasinskiy  A.Ya. 

Moscows  university  of  applied  biotechnology,  Russia 

Mechanical  systems  with  differential  (integrable  or  nonholonomic)  constraints  are  considered.  The  method  of 
the  solving  of  stability  and  stabilization  problems  is  based  on  systematic  use  of  obtained  vector-matrix  equations 
of  the  perturbed  motion  with  evident  type  of  linear  and  nonlinear  members.  The  problems  of  the  application 
of  this  method  are  discussed. 
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yHHBEPCAJIbHblE  3AKOHbI  nOTEPb  HMIiyJIbCA  h  3HEPrnn 
kaiihjimphoh  CTpyn  b  npou;ECCE  ee  paciia^a 

KpoTOB  B.B. 

CaHKm.-nemep6yp2CKUu  gocydapcmeennuu  ynueepcumem,  Poccuh 

IIpii  paccMOTpeHiiii  peryjiHpHoro,  b  OTcyTCTBi-ie  BHemHeii  cpe^,Bi,  pacna,n,a  Ha  Kanju-i  CTpyn  jximxocTH,  BBiTexaio- 
ni,eii  (ropi-i30HTajiBHO,  pjisi  onpe,n,ejieHHOCTH  —  cjieBa  HanpaBo)  co  ckopoctbio  z?0  H3  piuniH^piiHecKoro  OTBepcTiia 
pa^nyca  r,  BBi^ejiHM  ciiCTeMy  MapxupoBaHHBix  MaTepnajiBHBix  Tonex  CTpyn,  HaxqzjHmyiocH  BHyTpn  MBicjieimoro 
nyunm/ipa,  cjie^yromiiM  o6pasoM  ^Binxymerocn  BMecTe  co  CTpyeii:  jieBBiii  Topen,  nepecexaeT  piijiiiH^piiHecKyro 
nacTB  CTpyn,  to  ecTB  ^biuxctch  co  ckopoctbio  vq,  npaBBiii  >xe  ^biihcctch  MOK/jy  jho6bimii,  o,n,Haxo  pa3  bbi- 
6paHHMMH,  OT,a,ejiHBmHMiiCH  KanjiHMi-i  (nocjie,a,HHe  nocjie  OT,a,ejieHiiH  ot  cnjiomHoii  nacTii  CTpyn  coBepmaiOT 
oceciiMMeTpiiHHBie  xojie6aHHH,  ckopoctb  peHTpoB  hhcpuhh  xanejiB  v).  CyMMiipoBaHiie  ypaBHeHHfi  ^bh>kchhh 
HbiOTOHa  ^jih  Bcex  MaTepnajiBHBix  Tonex  chctcmbi  ,n,aeT  ypaBHemie,  coBna^aromee  no  (J>opMe  c  ypaBHeHiieM 
^BH>xeHHH  peHTpa  Macc  TBep,a,oro  Tejia,  dPc/dt  =  Fc,  iyi,e  Pc  —  HMnyjiBC  chctcmbi,  a  Fc  —  ,n,eHCTByiOHi,aH  Ha 
ciiCTeMy  BHeiHHHH  ciuia.  CnjioniHyio  nacTB  chctcmbi  pa3flejiiiM  mbicjichho  Ha  xBa3HH,HjiHHflpHnecxyio  (ee  npa- 
bbih  Topeu,  HMeeT  cjjiixciipoBaHHoe  b  jia6opaTopHOi"i  chctcmc  xoop,a,HHaT  nojioxceHiie)  h  30Hy  pacna,a,a,  y  xoTopoii 
cjjiixciipoBaHBi  (b  jia6opaTopHOi“i  chctcmc)  h  jieBaa,  h  npaBaa  rpaHiipBi  (npaBaa  -  nocjie  ycpe^Hemisi  no  nepHO,ny 
pacna,a,a) . 

y6BiBaHiie  HMnyjiBca  xBa3HH,HjiHHpHnecxoft  nacTii  MapxupoBaHHoii  chctcmbi  onpe^ejuieTCJi,  ohcbh^ho,  co- 
OTHomeHiieM  —irr2  pvoiJo,  a  pocT  HMnyjiBca  ee  xanejiBHOii  nacTii  —  coothohichiicm  mnv,  rpp  p  —  hjiothoctb 
jxi-mxocTii,  to  —  Macca  xanjin,  n  —  nacTOTa  o6pa30BaHi«i  xanejiB.  YmiTBiBaji,  hto  ycpe^HeHHBiii  iiMnyjiBC  30hbi 
pacna,a,a  Heii3MeHeH,  a  Fc  =  —nravo / v,  rpp  a  noBepxHOCTHoe  HaTH^xemie,  nojiymiM  nepBBiii  yHHBepcajiBHBiii 
(hc  coflepHcamiiii  <J)H3hhccxhx  napaMeTpoB)  3axoH  xaniijuinpHoro  pacna,a,a:  AV  =  1/Vo,  r,a,e  AV  =  Vo  —  V, 
Vo  =  vo/vomin ,  a  Vo min  =  (cx/pr)1/2  —  MiiHiiMajiBHO  B03MO>xHaH,  y>xe  Ha  rpaHiipe  peryjiapHoro  pacca^a,  cxo- 
pocTB  BBiTexaHiiH  nHjiHH/tpii'tecKOH  CTpyn.  9tot  3axon  mo)kho  3anncaTB  H  B  BH^e  ypaBHCHHH  A P  =  1/Po  rAG 
AP  =  Po  —  P,  a  Po  h  P  —  ya,ejiBHBie  HMnyjiBCBi  hhjihh^ph'icckoh  h  xanejiBHOii  nacTeii  CTpyn,  H3MepeHHBie  b 
e^HHHpax  MiiHiiMajiBHoro  y^,ejiBHoro  HMnyjiBca  piijiHH^pHHecxoii  CTpyn. 

Cxo,ii,hbim  o6pa30M  nojiyneHBi  [1]: 

-  3axoH  pjin  noTepn  nocTynaTejiBHoii  khhcth'icckoh  aHeprmi 

A E'  =  E'0  -  E'  =  2  -  1/E'0, 

r^e  E'0  =  {vq/2)/(vq min/2),  E'  =  (v2/2)/(vQmin/2)  (3axoH  npiiMeHiiM  h  b  cjiynae,  xor^a  CTpyn,  xpoMe 
nocTynaTejiBHoro  ^biuxchiiji,  hcxo,hho  Bpam,aeTCJi  xax  pejioe  Boxpyr  CBoeii  och); 

-  3axoH  pjm  noTepB  nojiHoii  SHepi  Hii 

ZX  h/  =  hj  o  —  h/  =  z, 

r^e  P0  h  P  nojiHBie  yuejiBHBie  aHepniii  >xh/,(,kocth  p,o  ii  nocjie  pacna,a,a,  H3MepeHHBie  b  MHHHMajiBHofi 
yn,ejiBHOH  nocTynaTejiBHoii  SHepniii  hhjhih^ph'icckoh  CTpyn  v\minl2\ 

-  3axoH  rjisi  noTepB  BHyTpeHHeii  SHcpi  HH  fxh^kocth  npn  pacna,a,e  CTpyn  cjie^yeT  Henocpe^CTBeHHO  H3  ,z3,Byx 
nocjie,a,HHx  3axoHOB. 

JlHTepaiypa 

[1]  KpoTOB  B.B.  /JoKjiaflbi  AxafleMim  Hayx,  2006,  T.  408,  N2  1,  C.  71-74. 


Universal  Laws  of  the  Losses  of  Momentum  and  Energy  of  Capillary  Jet 

in  the  Breakup  Process 
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HEJIHHEHHblE  KOJIEEAHM  B  BAKyYMHOM  flHO^E 
C  IiyHKOM  3J1EKTPOHOB 

Ky3Heu,OB  B.H.,  3H,a,ep  A. 51. 

OTM  um.  A.O.  Hoffxjpe  PAH,  Ca,HKm-nemep6yps,  Poccuh 

B  paSoTe  paccMaTpimaiOTCH  HecTapiiOHapHbie  coctohhhh  BaKyyMHoro  AHOAa  njiocKoii  reoMeTpim,  b  kotopom 
MOHOSHepreTiiHecKiiii  noTOK  sjieKTpoHOB  c  Majioft  pa3Ma3KOi"i  (JjyHKHHn  pacnpeAeJiemiH  no  ckopocthm  (OP)  no- 
CTynaeT  c  SMiiTTepa  h  AnniKeTCH  6e3  CTOJiKHOBemiii  Me:*Ay  sjieKTpoAaMii,  3aMKHyTBiMii  nepe3  BHemmoio  penB. 
llpii  ,a,ocTaTonHO  6ojiBnmx  BejiiiHimax  njiOTHOCTii  Toxa  j  b  ahoac  pa3BiiBaiOTCH  HejiHHeiiHBie  KOJie6aHiiH  BiipTy- 
ajiBHoro  KaTO^a.  Ha  ocHOBe  npeo6pa30BaHHH  SHeprmi  sthx  KOjie6aHHi"i  b  CBH  i-rajiynemie  C03AaHBi  reHepaTopni 
orpoMHoii  Mom,HOCTH  (b  a^chtkii  TBt)  c  hihpokhm  cnexTpoM  —  BiipKaTopni,  peAHTpoHBi  h  AP-  [1]-  9th  ycTpoii- 
CTBa  pa6oTaiOT  npn  Toxax  BBime  noporoBoro  ii  nosTOMy,  b  npHHpHne,  iiMeiOT  neorpaHiiHeHHyio  mohi,hoctb. 
HecMOTpa  na  ycnexn  b  Texmixe  co3AaHiiH  Taxiix  reHepaTopoB  MexaHi-i3M  KOJieSaHHfi,  pa3BiiBaioin,HxcH  b  a  nope, 
H3yneH  cjiabo.  Bojiee  Toro,  He  nojiyueHO  Aa*e  AiicnepcnoHHoe  ypaBHemie  /ym  H3yueHHH  ycTOiimiBOCTH  CTapno- 
HapHBix  pemeHiiii.  CBH3aHO  sto  c  6ojibihoh  MarreMarr h ' rec ko h  cjioikhoctbio  aapa'in.  Kojie6aHiiH  pa3BHBaiOTCH  b 
pejKHMe,  KorAa  b  MexsjieKTpoAHOM  npoMeucyTKe  cjDopMiipyiOTCH  pacnpeAeJieHiiH  noTeHipiajia  c  OTpupaTejiBHBiM 
MHHHMy mom ,  BBicoTa  KOToporo  npeBoexoAHT  SHepri-no  sjiexTpoHOB  Ha  SMiiTTepe  —  BiipTyajiBHBiM  xaTOAOM.  B 
pe3yjiBTaTe  uacTB  sjiexTpoHOB  OTpancaeTCH  ot  BiipTyajiBHoro  xaTOAa,  h  B03Hi-iKaeT  cjioxcHoe  MHoronoTOKOBoe 
ABH>KeHHe.  AAexBaTHoe  oniicamie  Taxiix  npopeccoB  6e3  3HaHiiH  AeTajieii  OP  HacTim,  no  ckopocthm  hcbo3mo>kho. 

HecTapiiOHapHaH  3aAana  cboahtch  k  pemeHino  cncTeMBi  ypaBHeHHH  BjiacoBa,  cocTOHipeH  H3  KimeTiiHecKoro 
ypaBHeHHH  ajiu  3JieKTpoHOB  h  ypaBHeHHH  nyaccoHa,  c  rpa h h t i h hi m h  ycjiOBiiHMii  ajib  OP  sjieKTpoHOB  h  noTeHpii- 
ajia.  Ajisl  pacneTa  OP  ncnojiB3yeTCH  HiicjieHHBiH  koa  (E,K-koa)  [2],  kotopbih  no3BOJiHeT  c  nouTii  aHajiiiTiinecKOH 
TOHHOCTBIO  CTpOI-ITB  OP  SJKKTpOHOB,  BBIJieTaiOHJ,HX  C  rpaHIipBI  I-I  ABHiKyiipiXCH  B  H3BeCTHOM  HeCTapiIOHapHOM 
sjieKTpiinecKOM  none. 

BnicoKaH  tohhoctb  KOAa  no3BOJiiijia  H3  pacneTOB  pa3BHTHH  MajiBix  B03MymeHiiii  onpeAejiiiTB  co6cTBeHHBie 
3HaneHHH  rjiaBHoii  moabi  —  HHKpeMeHT  i-i  nacTOTy.  06Hapy»ceHO,  hto  cyrpecTByeT  nopor  no  njiOTHOCTii  TOKa  j, 
Hi-race  KOToporo  Bee  CTapiiOHapHBie  pemeHiiH  ycTOimiiBBi.  BBime  nopora  o6jiacTii  ycTOiimiBBix  i-i  neycTOiiHiiBBix 
pemeHiiii  uepeAyiOTCH,  a  npopecc  pa3BHTHH  HeycTOiiuiiBOCTii  3aBepmaeTCH  bbixoaom  Ha  pememiH  c  nepiiOAii- 
necKHMii  HejiHHeHHBiMii  KOJie6aHHHMH  BiipTyajiBHoro  KaTOAa.  noKa3aHO,  hto  BBime  nopora  Taxue  pememiH 
cymecTByiOT  npn  Bcex  BejiiiHimax  j  Aance  b  o6jiacTHx,  rAe  CTapiiOHapHBie  pememiH  ycTOimiiBBi  OTHOCiiTejiBHO 
MajiBix  B03Myiu,eHHH.  B6jih3ii  nopora  pememiH  c  HejiiineHHBiMii  KOJie6aHiiHMii  hbjihkitch  eAiiHCTBeHHBiMii  perne- 
hhhmh,  a  npn  6ojiBmnx  3HaHemiHx  j  MoryT  cyrpecTBOBaTB  HecKOjiBKO  ycTOiimiBBix  HecTapiiOHapHBix  pemeHiiii 
c  pa3JiHHHBiMii  aMnjiiiTyAaMH  n  nepiiOAaMn  KOJie6aHni“i. 

H3yneHBi  c() h 3 h T i ec k h e  scJxjDeKTBi,  xapaKTepHBie  rjik  HejnmeimBix  KOJie6aHnii.  B  nacTHOCTi-i,  obHapyxteHO 
noHBjieHiie  pe3Kiix  CKanKOB  na  pacnpeAejieHiin  KOHn,eHTpan,HH  sjieKTpoHOB,  KOTopnie  B03Hi-iKaiOT  npaBee  Biip- 
TyajiBHoro  KaTOAa  n  AniuKyTCH  k  KOjuieKTopy.  KorAa  Taxon  CKanoK  AOCTiiraeT  KOJUieKTopa,  Ha  3aBi-ici-iMOCTH 
KOHBeKpHOHHoro  TOKa  ot  BpeMeHii  noHBjiHeTCH  pe3Kiiii  BcnjiecK.  Hoapo6ho  H3yneHO  TaKxce  noBeAeniie  aojito- 
>KHByru,Hx  3jieKTpoHOB  —  HacTHiy  AOCTiiraiOHi,Hx  OKpecTHOCTii  BiipTyajiBHoro  KaTOAa  h  coBepmaiomiix  BMecTe  c 
hum  KOjie6aHiiH  b  TeHemie  HecKOjiBKiix  nepi-iOAOB.  BniHCHeHa  npiiHima  noHBjieHHH  Taxiix  ajieKTpoHOB,  nocTpoeHa 
OP  h  opeHeHO  hx  KOJinnecTBO. 

JlHTepaiypa 

[1]  A.E.  74y6iiHOB,  B./l.  CejieMiip.  PaAHOTexHHKa  a  sjieKTpomiKa.  47,  c.  645-672  (2002). 

[2]  B.H.  KysHepoB,  A. 51.  SHflep.  >KTO,  53,  c.  2329-2338  (1983). 

Non-Linear  Oscillations  in  a  Vacuum  Diode  with  an  Electron  Beam 

Kuznetsov  V.I.,  Ender  A.Ya. 

Ioffe  Institute  of  RAS,  Saint-Petersburg,  Russia 

This  work  treats  time-dependent  states  of  a  planar  vacuum  diode,  in  which  a  monoenergetic  electron  flow  with 
a  small  spread  of  distribution  function  in  terms  of  velocities  enters  the  diode  region  at  the  emitter  and  moves 
with  no  collision  between  the  electrodes  connected  via  external  circuit.  In  the  first  time,  the  stability  of  the 
stationary  solution  is  studied  in  a  regime  with  electron  reflection  from  a  virtual  cathode.  It  is  revealed  that, 
under  certain  threshold  value  of  a  current  density  j,  all  the  solutions  are  stable,  above  this  threshold,  the 
domains  of  stable  and  unstable  solutions  are  intermittent,  and  a  development  of  instability  terminates  in  the 
solutions  with  periodical  non-linear  oscillations  of  the  virtual  cathode.  It  is  shown  that  above  the  threshold, 
such  solutions  exist  at  all  j  values  even  in  the  domains  where  the  stationary  solutions  are  stable  relative  to 
small  perturbations.  It  is  proved,  that,  near  the  threshold,  the  oscillatory  solutions  are  unique,  and,  at  larger 
j,  several  stable  non-stationary  solutions  can  exist  with  different  amplitudes  and  oscillation  periods.  Physical 
effects  relevant  for  the  non-linear  oscillations  are  studied. 
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OB  ABTOMOAEJTbHOH  BOJIHE  RJISL  YPABHEHHH  O^HOMEPHOrO 
HECTAttnOHAPHOrO  AAHAEATHOrO  TE'dEHHH  B5I3KOrO  TA3A 

KycioMOB  A.H.,  MaxapoBa  JI.A. 

Ka,3a,HCKUu  eocydapcmeennuu  mexHUHecKuu  ynueepcumem  um.  A.H.  Tynojieea,  Poccuh 

ripii  aHajiHTHnecKHx  iiccjie^OBaHHHx  bojihobbix  raao^iiHaMi-raecKi-ix  npoqeccoB  Han6ojiee  Hacro  paccMaTpiiBa- 
iotch  pemeHHH  b  Bime  6erym,eii  bojihbi  ii  aBTOMO,n,ejiBHBie  bojihbi.  Xopomo  H3BecTHO,  hto  HajiiiHiie  y  ypaBHeHiiii 
raaoBoii  flraaMHKH  pernem-iii  no,n,o6Horo  Bima  CBH3aHO  c  BBinojiHeHiieM  ycjiOBiiii  HHBapiiaHTHOCTH  ypaBHeHiiii 
OTHOCHTejiBHO  HenpepbiBHbix  rpynn  npeo6pa30BaHHi"i:  nepeHOca  no  He3aBHCHMbiM  nepeMeHHbiM  (,h,jih  6erymeii 
bojihbi)  ii  pacTHHceHHH-OKaTHH  (,zi,jih  aBTOMO/ tej [ b ho il  bojihbi).  BbinojiHeHiie  »ce  ycjiOBiiii  HHBapiiaHTHOCTH  3a- 
bhcht,  b  nacTHOCTii,  ot  ycjiOBiiii  ^eiiCTBiiH  rpaBiiTaqiioiiHoii  chjibi,  pejKHMa  TeneHiiH  ra3a,  Bima  TepMO^ima- 
MiinecKoro  npoqecca.  B  iiacTOnmeii  paboTe  paccMaTpiiBaeTCH  cucTeMa  H3  AByx  ypaBHeHiiii  ^jih  o^HOMepHoro 
BH3Koro  HecTapnoHapHoro  Typ6yjieHTHoro  TeneHiiH  ra3a  c  yneTOM  ^eiiCTBiisi  ciijibi  THJKecTii  [1].  JIfln  3aMBiKaHiisi 
cucTeMBi  ncnojiB3yeTC5i  ypaBHeiine  coctohhiih  a,n,iia6aTHoro  npoqecca. 

PaccMaTpiiBaeMan  cucTeMa  ypaBHeHiiii  b  o6m,eM  cjiynae  He  ,n,onycKaeT  rpynnbi  npeo6pa30BaHiiii  pacTJUKeHiin- 
cjKaTiisi  ii,  cjie^OBaTejiBHO,  ^,jih  nee  h6bo3mojkho  nocTpoiiTB  pemeHiie  b  Bii^e  aBTOMO^ejiBHoii  bojihbi.  O/ipaKO, 
^,jih  paccMaTpiiBaeMoii  cucTeMBi  cyipecTByiOT  aBTOMO^ejiBHBie  bojihbi  npn  ycjiOBHH,  hto  ra3  nBjiaeTCH  HeBH3KiiM . 

ripii  iiccjie^OBaHiiii  rpynnoBBix  cbohctb  ypaBHeHiiii  c  MajiBiM  napaMeTpoM  mojkho  ncnojiB30BaTB  mcto^bi 
npii6jiii>KeHHoro  rpynnoBoro  aHajiii3a.  Han6ojiee  ii3BecTHBiMii  no^xo^aMii  b  npii6jin>KeHHOM  rpynnoBOM  aHajiii3e 
hbjhhotch  no^xo^i,  c  ncnojiB30BaHiieM  npii6jin>KeHHBix  imcjmHHTesHMajiBHBix  onepaTopoB  (H.X.  I46pariiMOBBiM, 
B.A.  BaiiKOBBiM,  P.K.  ra3ii30BBiM  ii  AP-))  h  noAxoA  c  ncnojiB30BaHiieM  ypaBHeHiiii,  jiiiHeapii30BaHHBix  no  MajiOMy 
napaMeTpy  okojio  HeKOToporo  onopHoro  pemeHiin  (B.H.  Oyipun  h  Ap.). 

PaccMaTpiiBaeMan  cucTeMa  ypaBHeHiiii  co^epjKiiT  MajiBiii  napaMeTp  Bxo/qnriHH  b  cjiaraeMoe,  ymiTBiBaiomee 
bh3koctb  ra3a  (bejiH'iHHa,  o6paTHO  nponoppuoHajiBHaji  nucjiy  PeiraojiB^ca)  h  MonceT  6bitb  uccjie^OBaHa  cpefl- 
CTBaMii  iipHf)jiH>KeHHOi  o  rpynnoBoro  aHajiii3a.  B  HacTOnmeii  paboTe  ncnojiB3yeTCH  BTopoii  no^xo^i,:  cucTeMa 
ypaBHeHiiii  jiiiHeapii3yeTCJi  okojio  HeBH3Koro  aBTOMO^ejiBHoro  pemeHiin.  nojiyHeimasi  jniHeapii30BaHHaji  cucTe- 
Ma,  b  cbokd  onepe^B,  ,n,onycKaeT  rpynny  npeo6pa30BaHiiii  pacTJUKeHiin  OKaTiiH  h  ^jih  Hee  mojkho  nocTpoiiTB 
pemeHiie  b  Bii^e  aBTOMO^ejiBHoii  bojihbi. 

JlHTepaiypa 

[1]  TepMorHflpoflHHaMHKa  CHCTeM  /ioSbibh  h  TpaHcnopTa  ra3a/BoH,a,apeB  9. A.,  BacmibeB  B.H.,  BoeBOjpiH  A.®.  h  ,ap.  - 
Hoboch6hpck:  HayKa.  Ch6.  OT,n,ejieHiie,  1988.  -  272  c. 


A  Self-Similar  Wave  for  Equations  of  a  One-Dimensional 
Non-Stationary  Adiabatic  Viscous  Gas  Flow 
Kusyumov  A.N.,  Makarova  L.A. 

A.N.  Tupolev  State  Technical  University  of  Kazan,  Russia 

The  system  of  a  one-dimensional  non-stationary  turbulent  flow  of  viscous  adiabatic  gas  influenced  by  gravity  is 
considered.  Since  the  considered  system  of  equations  contains  a  small  parameter,  which  is  inversely  proportional 
to  the  Reynolds  number,  the  system  can  be  investigated  with  the  help  of  the  approximate  group  analysis.  The 
origin  equations  system  is  linearized  near  the  inviscid  self-similar  solution.  For  the  linearized  system  the  solution 
in  the  form  of  a  self-similar  wave  is  obtained. 
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HCCJIEAOBAHKE  KOJIEEAHHH  IJHJIHH^POB  B  IIOTOKE  H  BJIHHHHH 
AHCKA  nEPEA  TOPIJOM  D;nJlHHAPA  HA  KOJIEEAHHH 

Jlyiu,eHKO  H.B. 

CaHKm-IJemep6ypscKuu  socydapcmeennuu  ynueepcumem,  Poccuh 

B  HacToarpeii  pa6oTe  HCCJiepoBajiHCB  KOJie6aHHH  piuiiipppoB  b  noTOKe  b  po3ByKOBOH  aspopimaMriHecKOH  Tpy6e 
(AT-12  HHHMM  CII6ry).  KpoMe  Toro,  uccjiepoBajiocB  BjiHinme  priCKa,  ycTaHOBjieHHoro  nepep  ToppoM  phjihh- 
ppa,  Ha  KOJie6aHHH,  npoBopujiacB  Bppeo3aniiCB  SKcnepHMeHTa,  pjiH  chhthh  3HaneHHH  aMnjiHTypBi  h  nacTOTBi 
KOJie6aHHft,  h  pemajincB  ypaBHemia  pBiiHceHiia  pujiimppoB  b  noTOKe,  TaKHM  o6pa30M  noHBiuiacB  bo3mo>khoctb 
nporH03iipoBaTB  noBepemie  pujiimppoB  b  noTOKe  npn  pa3JiHHHBix  CKopocTax  h  yrjiax  aTaKH.  Bbijio  SKcnepiiMeH- 
TajiBHO  noKa3aHO,  hto  ycTaHOBKa  pridca  nepep  ToppoM  pujirmppa  CTa6iijiH3HpyeT  Tejio  b  noTOKe,  h  KOjie6amiH 
b  3tom  cjrynae  He  B03HHKaeT.  Bojiee  Toro,  3to  cocToamie  HBjiaeTca  ycTOHHHBBiM  nojiOHceHiieM  paBHOBecna. 
oiiHcaHHH  KOJie6amiH  pujiimppa  b  noTOKe  6buia  iicnojiB30BaHa  MaTeMaTHHecKaa  MopejiB,  npepjioJKeHHaa  b  [1], 
Ha  ppicyHKe  npepcTaBjieHa  cxeMa  ycTaHOBKH  pjia  iiccjiepoBamiH  KOjie6aHHH  b  noTOKe. 


Phc.:  1  —  MopejiB,  2  —  pepncaBKa  co  CTpejiKoii,  3  —  niKajia,  4  —  npyjKHHBi, 

5  —  aspopHHaMHHecKaa  Tpy6a 

B  3aKjnoHeHHe  mojkho  otmcthtb,  hto  pe3yjiBTaTBi  paHHoro  uccjiepoBaHHH  mojkho  ncnojiB30BaTB  Ha  npaKTH- 
Ke,  ycTaHaBjiHBaa  phck  pjia  CTa6njiH3apHH  6yKCiipyeMBix  Teji.  HanpiiMep  npn  6yKCHpoBKe  rpy30B  cypaMH  iijih 
BepTO  jieTaMH . 

JlHTepaTypa 

[1]  Ph6hhhh  A.  H.  HeKOToptie  3apanH  aspopHHaMHKii  njioxoo6TeKaeMbix  Teji.  Hup.  CI16ry,  1997. 


Investigation  of  Cylinder  Oscillations  in  a  Flow,  and  the  Effect  of  the 
Disc  Established  before  Cylinder  on  These  Oscillations 

Lushchenko  I.V. 

Saint  Petersburg  State  University,  Russia 

In  this  work  oscillations  of  cylinders  in  a  flow  were  studied  experimentally.  The  work  contains  the  description 
of  experiment,  the  mathematical  model  of  oscillations,  the  solution  of  motion  equation  and  the  investigation  of 
the  effect  of  the  disc,  established  before  cylinder,  on  cylinder  oscillations  in  a  flow. 
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moaejikpobahhe  ,h;bh>kehm  B03,n;yinHoro  3meh 

Jlio6HMLi,eB  P.C.,  Ph6hhhh  A.H. 

HMH  MameMamuKu  u  MexanuKU  um.  (mad.  B.H.  CMupnoea  CII6ry,  Poccusi 

IfejiaraeTCH  MaTeMaTiiHecKan  Moment  KaTaHiia  Ha  6yKCi-ipe  3a  B03^yniHbiM  3MeeM  (KaftTHHr).  PaccMaTpiiBaeT- 
ch  npocTeiimaH  cxeMa  ynpaBnemui  3MeeM  (KaiiTOM)  c  noMom,Bio  ,n,Byx  6y kc  h  po  bo  '  i  h  bi  x  jieepoB.  Ka»c,i],biii  jieep 
CBH3aH  c  nojiOBHiioii  Kpbuia.  no^THriiBaa  o,h,hh  113  JieepoB,  niuiOT  H3MeHsieT  yroji  KpeHa  KaiiTa.  IlojiyHeHbi  Kirae- 
MaTiiHecKiie  cooTHomeHiia,  CBH3biBaioiii,iie  yroji  aTaxi-i  c  yrjiaMH,  onncbiBaioiipiMH  opiieHTaqino  3Mea.  Ilpii  stom 
yniiTbiBaeTCH,  hto  KaiiT  Bcer^a  opiieHTiipyeTCH  TaKiiM  o6pa30M,  hto6m  yroji  CKOJib»ceHiiH  6mji  paBeH  Hyjiro. 
ripiiHiiMaeTCH,  hto  niuiOT  ,a,BH>KeTCH  no  noBepxHOCTi-i  no  npuMOJiimeimoH  TpaeKTopnn.  YmiTbiBaeTCH  cnjia  Tpe- 
Hiin  npn  B3aHMOfleHCTBiiii  c  noBepxHOCTbio  n  cnjia  aspo^imaMiiHecKoro  jio6oBoro  conpoTiiBjieHiui,  ^eiicTByiomaH 
Ha  niuiOTa.  onncaHnn  ^bhikchhh  cncTeMbi  KaiiT  —  niuiOT  nojiyneHa  cncTeMa  o6biKHOBeHHbix  ,zi,Hc|}ci>epeHii,H- 
ajibHbix  ypaBHeHiiii,  b  KOTopyro  bxo,h,ht  ,n,Ba  ypaBHeHiiii  BToporo  nopn,n,Ka  n  ,n,Ba  ypaBHemui  nepBoro  nopjmKa. 
B  hhcjio  ypaBHeHiiii  bxo,h,ht  ypaBHem-ie,  omicbiBaiomee  ^eiiCTBiisi  niuiOTa,  nanpaBjieHHbie  Ha  yuepxtam-ie  KaiiTa 
Ha  onpe^ejieHHoii  BbicoTe.  ripe^nojiaraeTCH,  hto  as  p  o;  t  h  h  a  m  h  h  ec  k  h  e  KOScjxJiHii.HeHT'bi  Jio6oboto  conpoTiiBjieHiui 
h  no^eMHoii  ciijibi  mojkho  npe^CTaBiiTb  cjsyHKii,HJiMH  yrjia  a'raKH. 

CncTeMa  ypaBHeHiiii  ^bh>k6hhm  KaiiTa  h  niuiOTa  peinaeTCH  mcto^om  PyHre-KyTTbi  neTBepToro  nopji,ii,Ka.  Ma- 
TeMaTiinecKoe  MOflejinpoBaHiie  no3BOjiaeT  aHajiH3iipoBaTb  noBe^eHiie  KaiiTa  b  TaKiix  cjiyuanx,  KaK  BHe3anHbii"i 
nopbiB  BeTpa  hjih  npeo^ojieHiie  ynacTKa  pbixjioro  CHera  c  6ojibmi-iM  KOScjicjnmHeHTOM  TpeHiia  jibukii  —  CHer, 
CpaBHI-IBaTb  XapaKTepHCTHKH  ^BHJKeHHH  KaiiTOB  C  pa3JII-IHHbIMH  npOcjlHJIJIMH. 


Kite  Motion  Simulation 

Lubimtsev  R.S.,  Ryabinin  A.N. 

Smirnov  Institute  of  mathematics  and  mechanics,  Saint  Petersburg  State  University,  Russia 

The  motion  of  the  kite  and  pilot  is  described  with  the  system  of  the  ordinary  differential  equations.  The 
system  includes  the  pilot  operation  equation.  The  system  of  equations  is  numerically  solved  in  some  practically 
important  cases. 


KJ1ACCHUECKAH  MEXAHHKA 
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OIJEHHBAHHE  COCTOHHHfl  3JIEKTPOMEXAHHHECKHX 

CHCTEM  ynPABJlEHHH 

MajiHKOB  A.H.,  Be3,a,eHeLi,KHH  3.E.,  5I4>acoB  <E>.H. 

Ka3aHCKuil  zocydapcmeennuu  mexHUHecnuu  ynueepcumem  um.  A.H.  TynoAeea,  Poccuh 
MHcmumym  MexanuKU  u  MamunocmpoeHun  Ka3HLf  PAH,  Poccuh 

PaccMaTpi-maiOTCH  ajieKTpoMexaHHuecKiie  cucTeMBi  c  MammaMH  nepeMeHHoro  TOKa.  YuiiTBiBaiOTCsi  HeKOHTpo- 
jiiipyeMBie  B03MyipeHiiH  c  Heii3BecTHBiMi-i  xapaKTepncTHKaMH,  KOTopbie  hbjijhotch  orpaHHneHHBiMii.  B  npopecce 
cjDyHKpiiOHiipoBaHHH  b  CHCTeMe  bo3mo>khbi  H3MeHeHiiH  pentiiMOB,  HeiicnpaBHOCTii.  HanajiBHoe  cocTOHHiie  cncTe- 
MBI  TOHHO  He  I-I3BeCTHO,  II3BeCTHO,  HTO  OHO  npifflapjieJKHT  3a,H,aHHOMy  MHOHCeCTBy.  IlH^OpMapi-IH  O  BBIXOpHBIX 
napaMeTpax  coctohhiih  H3MepjieTCJi  flaTHHKaMH  c  HeKOTopoii  norpemnocTBio. 

MaTeMaTHHecKaa  MopejiB  ci-iCTeMBi  3apaHa  He  tohho.  IIpo6jieMa  3aKjnoHaeTCH  b  tom,  hto6bi  no  MaTeMaTii- 
necKOMy  onncaHHio  cucTeMBi  c  yneTOM  orpaHiineHiiii  Ha  HeonpepejieHHOCTii  HananBHoro  coctohhiih,  BHenmiix 
B03MyipeHiin,  norpemnocTeii  H3MepeHHH  h  pe3yji&TaTOB  H3MepeHHH  ee  bbixophbix  napaMeTpoB  nojiyniiTB  opeHKii 
TeKyipero  coctohhiih  cucTeMBi,  to  ecTB  yKa3aTB  MHoncecTBO,  KOTopoMy  6ypeT  npimapjiejKaTB  TeKyipee  cocTOsmiie 
CHCTeMM.  3HaHiie  3thx  opeHOK  no3BOJiaeT  npepcKa3aTB  B03MO>KHBie  BapnaHTBi  pa3BHTHH  npopeccoB  b  CHCTeMe. 
ConocTaBjieHiie  nojiynaeMBix  opeHOK  c  o6jiacTHMii  HopMajiBHoro  cjryHKpHOHiipoBaHiiJi  mohcho  KOHTpojn-ipoBaTB 
cjDyHKpHOHiipoBaHiie  cucTeMBi,  a  TaK»ce  bbihbjihtb  H3MeHemie  pentiiMOB  cjryHKpHOHiipoBaHiiH,  obHapyuaiBaTB  h 
pacno3HaBaTB  HeiicnpaBHOCTii  b  pa6oTe  cucTeMBi  b  npopecce  cjry  HKpiiOHiipoB am-in ,  conocTaBjnni  nojiynaeMBie 
opeHKii  c  o6jiacTHMii,  onpepejieHHBiMH  pjiH  cooTBeTCTByioipiix  pe*uiMOB. 

AjIH  OpeHIIB aHIIH  COCTOHHHH  3JieKTpOMexaHHHeCKHX  CHCTeM  npi-IMeHHIOTCH  M aTpiIHHBie  CHCTeMBI  CpaBHeHIIH . 
IIpepjiOHceHBi  cnoco6Bi  h  ajiropiiTMBi  nocTpoemisi  m aTpiiHHBix  chctcm  cpaBHemiH  h  sjijiHncoiipajiBHBix  opeHOK 
coctohhhh  pjin  HenpepBiBHBix  h  pucKpeTHBix  sjieKTpoMexaHHuecKHx  CHCTeM  ynpaBjiemiH  c  HeonpepejieHHOCTH- 
MII. 

C  yneTOM  oco6eHHOCTeii  ypaBHeHiiii  piiHaMiiKii  sjieKTpoMexaHHuecKHx  CHCTeM  c  MamiiHaMH  nepeMemioro 
TOKa  nojiyneHa  MopiKjHiKapiiH  ajiropiiTMOB  opem-maHi-isi  npi-iMem-iTejiBHO  k  sjieKTpoMexaHiiHecKoii  CHCTeMe  c 
aciiHxpoHHBiM  pBiiraTejieM.  Iix  anpo6apini  nonasajia,  hto  npepjionceHHBie  ajiropiiTMBi  no3BOjnnoT  nojiyniiTB 
opeHKii  conocTaBHMBie  no  tohhocth  c  H3BecTHBiMii  cnoco6aMii  npn  MeHBHiiix  3aTpaTax  BpeMeim,  hto  o6ocho- 
BMBaeT  hx  i-icnojiB30BaHi-ie  b  cucTeMax  peajiBHoro  BpeMemi. 

BbinojiHeHa  nporpaMMHan  peajiii3apiiji  b  naneTe  MatLab  ajiropiiTMOB  npiiMeHiiTejiBHO  k  sjieKTpoMexamiHe- 
ckoh  CHCTeMe  c  aciiHxpoHHBiM  pBiiraTejieM.  C  noMorpBio  pa3pa6oTaHHBix  ajiropiiTMOB  h  nporpaMM  nojiyneHM 
opeHKii  coctohhhh  y Ka3 aHHOH  cucTeMBi  c  yneTOM  HeonpepejieHHOCTeii  n  pe3yjiBTaTOB  H3MepeHHH. 

P eajn-i30BaHBi  pa3JiiiHHBie  cnoco6Bi  nocTpoeHira  opeHOK  no  MeTopy  sjuiiincoppoB,  npoBepeH  hx  cpaBHiiTejiB- 
hbih  aHajiH3. 

AjiropiiTMBi  rapaHTiipoBaHHoro  opeHiiBaHiisi  coctohhiih  ajieKTpiinecKon  MamiiHBi  no  pe3yjiBTaTaM  TeKyipnx 
H3MepeHHH,  nojiyneHHBie  c  npiiMeHemieM  m aTpiiHHBix  nepaBeHCTB ,  pa3BiiTM  pjra  kohtpojih  TexminecKoro  co- 
CTOHHiiH,  o6Hapy»ceHiDi  ii  pacno3HaBaHHH  HencnpaBHOCTeii.  IIpepjiaraeTCJi  ajiropiiTM  n  MeTopiiKa  cjDyHKpno- 
HajiBHoro  pi-iarHOCTi-ipoBaHHH  ManniHBi,  KOTopnie  peajiii30BaHBi  b  Biipe  KOMnnexca  nporpaMM  pjra  I19BM  n 
anpo6npoBaHBi  Ha  SKcnepiiMeHTajiBHon  ycTaHOBKe.  IlojiyneHBi  opeHKii  nepexopHBix  npopeccoB,  B03HiiKaioipHx 
npn  xapaKTepHBix  H3MeHeHHnx  coctohhiih  —  3anycK  AA  npn  nopane  HanpaHceHini;  MajiBie  KOJie6aHiiH  nacTOTBi 
ceTH;  H3MeHeHne  conpoTiiBjieHiisi  CTaTopHoii  o6motkh  ii  pp. 


State  Estimation  and  Functional  Diagnosis  for  Electromechanical  Control  Systems 

Malikov  A. I.,  Vezdenetskiy  Y.E.,  Yafasov  F.I. 

Kazan  State  Technical  University  named  by  A.N.  Tupolev,  Russia 
Institute  of  mechanics  and  Engineering  Kazan  Science  Center  RAS,  Russia 

The  observers  for  state  estimation  of  electromechanical  control  system  are  constructed.  These  observers  are 
used  for  fault  detection  of  sensors  and  actuators.  For  the  system  with  induction  motor  the  fault  detection  and 
isolation  procedures  are  suggested.  The  state  estimation  and  fault  diagnosis  results  are  obtained  for  the  system 
with  induction  motor  on  experimental  unit  in  real  time. 
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METOJTbT  nAPAMETPHHECKOH  H^EHTHOHKAIJHH  TEH30P0B 

hhepijhh  n  ijehtpob  macc  tbepamx  teji  ha 

AHTHCHMMETPHHHbIX  nPOrPAMMHbIX  ABHHCEHHHX 
B  YCJIOBHHX  AHCCHnALtHH 
MejIBHHKOB  B.r. 

CaHKm-nemep6yp2CKUu  eocydapcmeennuu  ynueepcumem  untpopMayuomux  mexHOAoeuu, 

MexanuKU  u  onmuKU,  Poccuh 

PaccMaTpi-iBaeTca  rojiOHOMHaa  CTapiiOHapHaa  ciiCTeMa  c  oa,hoi"i  CTeneHBio  cbo6oa,bi,  cocToamaa  H3  sjieKTponpu- 
BO,a,a,  no,a,Beca  c  3aKpenjieHHBiM  Ha  HeM  TejiOM.  OHa  bxoaht  b  po6acTHyio  CHCTeMy  ynpaBjieHiia,  cnoco6Hyio 
ocymecTBjiHTB  nporpaMMHoe  ^BiiHcemie  Tejia  b  orpaHHHeHHori  hjih  npoi-OBOJiBHOH  yrjiOBoii  30He.  npe^jioJKeHBi 
k h h e m arr h T i e c k h e  ypaBHemra  nporpaMMHBix  Bpain,aTejiBHBix  ^BiixceHiifi,  co,a,ep>Kaiii,He  3Tan  ycKopeHHoro  Bpaipe- 
hhh  b  nojio>KHTejiBHOM  HanpaBjieHiiii  h  aHTHCHMMeTpriHHoro  3Tana  Bpamemra  b  o6paTHOM  HanpaBjieHim  b  toi"i 
»ce  yrjiOBoii  30He,  noBTopsHom,HH  b  o6paTHOM  nopa,a,Ke  ochobhoh  3Tan.  Ilpe^nojiaraeTCH,  hto  3HaHemiH  mohi,ho- 
CTH  ,a,HCCHnaTHBHBIX  CHJI  Ha  o6paTHOM  ,H,BH>KeHHH  nOBTOpSHOTCH.  ffjISL  aHTHCHMMeTpiIHHOrO  flBHHCeHIIH  nOJiyHeHBI 
aHajiom  TeopeMBi  06  H3MeHeHiin  k h Herr h ' i ec ko h  SHepri-ni  h  ypaBHemie  JIarpaH»ca,  b  kotopbix  mohj,hoctb,  paboTa 
h  o6o6m,eHHaa  ciuia  cucTeMBi  ^HCcrinaTHBHBix  chji  BBipaaceHBi  nepe3  mohj,hoctb,  pa6oTy  h  o6o6m,eHiiyio  ciuiy 
Ha  o6paTHOM  aHTHCHMMeTpiIHHOM  ,H,BH>KeHHH. 

Ha  ocHOBaHHH  stiix  ypaBHeHiiii,  npiiMeHeHHBix  Ha  yrjiOBOM  HHTepBajie  h  ero  Hacrax,  nojiyHeHBi  pacaeTHBie 
cjjopMyjiBi,  onpe^ejiaiomi-ie  momchtbi  hhcpuhh  TecTiipyeMoro  Tejia  OTHOCi-iTejiBHO  pa3jiHHHBix  oceii  Bpamemia  h 
TeH3op  HHeppiiii  b  tohkg  Tejia  h  Koop,a,HHaTBi  peHTpa  Macc  Tejia. 
no^AepataH  rpaHTOM  POOH  06-08-01338 

JlnTepaTypa 

[1]  MejibHHKOB  B.r.  Cnoco6  onpeflejieHira  Teroopa  HHepipm  Tejia./ /  llaTeHT  P®  Ha  H3o6p.  N2  2262678,  BbiflaH  20  OKTa6pa 
2005 

[2]  TcpHeT  M.M.,  PaTobbijibCKnii  B.®.  OnpeflejieHiie  MOMeHTOB  HHeppiai.  -  M.:  MamiiHOCTpoeHne,  1969.  -  248  c. 


Identification  of  Inertia  Tensors  and  Centers  of  Gravity  of  Rigid  Bodies  on 
Systems  with  High  Dissipation  Using  Antisymmetric  Program  Motions 

Melnikov  V.G. 

Saint-Petersburg  State  University  of  Information  Technologies,  Mechanics  and  Optics,  Russia 

This  paper  presents  a  new  method  for  identifying  the  tensor  of  inertia  of  a  rigid  body.  A  holonomic  stationary 
system  with  one  degree  of  freedom  is  considered.  A  robust  control  algorithm  is  applied  to  carry  out  program 
motions  in  a  limited  angular  zone.  The  kinematic  equations  of  the  program  motion  with  a  stage  of  accelerated 
rotation  in  a  positive  direction  and  a  stage  of  antisymmetric  rotation  in  the  opposite  direction  performed  at 
the  same  angular  interval  are  offered.  For  the  introduced  class  of  program  motions  the  analogues  of  the  work- 
energy  principle  and  Lagrange  equation  are  received.  These  equations  are  applied  to  full  angular  intervals  and 
their  parts  to  obtain  design  formulas  for  the  moments  of  inertia  and  tensor  of  inertia  of  a  rigid  body  and  the 
coordinates  of  its  center  of  gravity. 


KJ1ACCHHECKAH  MEXAHHKA 
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MOAEJinPOBAHHE  PACCE5IHH5I  ATOMOB  TA3A  nOBEPXHOCTblO 

METOflOM  MOMEHTOB 

MnponiHH  P.H. 

CaHKm-nemep6ypzcKuu  eocydapcmeemtuu  ynueepcumem, 

HHH  MameMamuKU  u  Mexanunu  um.  anad.  B.H.  CMupnoea,  Poccusi 

MeTOfl  MOMeHTOB  —  Mom,Hoe  aHajniTHnecKoe  cpe,n,CTBO,  b  pa3BiiTiie  KOToporo  onpe,n,ejijnoiii,HH  BKjia,g  BHecjin 
n.JI.  He6BimeB,  A. A.  MapKOB,  A.M.  JIsmyHOB.  B  ^.OKjia^e  ocBeipaiOTCH  pe3yjiBTaTBi  HcnojiB30BaHiiH  MeTO^a 
MOMeHTOB  npn  nocTpoemiii  <])yHKHHH  pacceHHiin  aTOMOB  rasa  no  ckopocthm  nocjie  CTOJiKHOBemiH  hx  c  no- 
BepxHOCTBio,  ecjiH  ri3BecTHBi  (Hanpi-iMep,  H3  SKcnepiiMeHTa)  KOScjDcjumHeHTBi  o6MeHa,  KOTopnie  onpe^ejieHHBiM 
o6pa30M  CBH3aHBi  co  CTeneHHBiMii  MOMeHTaMi-i  iickomoh  cjjyHKHHH  pacceamiH.  Tax  xax  3Ta  cjryHKnjiH  3aBii- 
cht  ot  TpexMepHOH  nepeMeimoii,  nporpecca  yn,ajiocB  ,h,o6htbch  c  noMom,Bio  MeTO,n,a  pa3^3,ejieHHH  nepeMeHHBix. 
IIocTpoeHO  HecKOJiBKO  MO,n,ejieii  cjryHKnyiH  pacceamiH,  h  Me  to  mux  hchbih  <J)H3HnecKHH  cmbicji  ii  HeKOTopnie  skc- 
TpeMajiBHBie  CBOiicTBa.  O/pra  H3  hiix  —  jiyneBoe  OTpantenne  —  o6o6m,aeT  ii3BecTHyK>  c  60-x  ro,n,OB  nponuioro 
CTOJieTiiH  h  mnpoKO  iicnojiB3yeMyio  b  as p o; t h h a m h ' i e c k h x  pacneTax  b  ra3ax  Majioii  hjiothocth  jiyneByro  MO,n,ejiB 
h  ycTpaHneT  ee  He,n,ocTaTKii.  HacTB  pe3yjiBTaTOB  ony6jniKOBaHa  b  cjieflyromiix  CTaTnnx  aBTopa: 

1.  O  jiyneBoii  MO,n,ejiH  B3ariMO,n,eHCTBiTH  aTOMOB  paspenceHHoro  ra3a  c  noBepxHOCTBio  / /  BecTH.  C.-IIeTep6ypr. 
yH-Ta.  Cep.  1.  1997.  Bbih.  4.  X-  22.  C.  74-79. 

2.  O  nocTpoemiii  MO^ejieii  cjjyHKHHH  paccenHiin  aTOMOB  ra3a  noBepxHOCTBio  no  K034xJ>im,HeHTaM  o6MeHa  / / 
AspoflHHaMHKa:  C6.  CTaTefi.  CI16.:  BBM,  2004.  C.  114-125. 


The  Moment  Method  Investigation  of  Gas-Surface  Scattering 

Miroshin  R.N. 

Smirnov  Scientific  Research  Institute  of  Mathematics  and  Mechanics,  Saint  Petersburg  University,  Russia 

We  consider  the  gas-surface  interaction  in  the  aspect  of  rarefied  gas  dynamics.  It  is  derived  the  scattering 
function  model  with  both  method  of  separation  of  variables  and  moment  one.  Moments  of  this  function  are 
determined  with  gas-surface  exchange  coefficients.  Results  are  illustrated  with  some  physical  models  of  gas- 
surface  interaction. 
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HCCJIEAOBAHHE  JIOKAJIbHOH  yCTOHHHBOCTH  nOJlOrHX 
OPTOTPOnHbIX  OBOJIOHEK  HA  YnPYrOM  OCHOBAHHH 
B  MOAEJIHX  THMOHIEHKO  H  KHPXrOOOA-JIHBA 

MnxeeB  A.B. 

CaHKm-nemepSypscKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

Ajih  pemeHHH  3a,n,aH  o  noTepe  vctoh'ihbocth  tohkhx  nojiorax  o6ojiouex  no,a,  B03,a,eiicTBiieM  6e3MOMeHTHBix 
HanajiBHBix  ycnjinfi  pa^OM  aBTopoB  [1-4]  npi-iMeHajica  Tax  iiasBiBaeMBiti  «jiOKajiBHBii“i  no,gxo1ii,».  Ero  cyTB  3a- 
KJIIOHaeTCH  B  TOM,  HTO  K03 (]) (f>  H  H  H  6  HT  h  [  CHCTeMBI  ypaBHeHIIH  yCTOHHHBOCTH  CHIITaiOTCH  nOCTOHHHBIMH  («3aMO- 
pa»ciiBaiOTCH»),  a  rpaHHHHBie  ycjiOBiia  i-iraopi-ipyiOTCH.  9tot  noflxo,a,  npiMeHHM,  xor,n,a  ^ecjDopMapiiH  npii  noTepe 
ycTOH'iHBOCTH  hociit  jiOKajiBHBifi  xapaxTep,  a  3aKpenjieHiie  xpaa  ne  HBjiaeTCH  cjiabniM  [5]. 

B  ^aHHoii  paSoTe  iiccjie^yeTCH  Bonpoc  noTepii  vctohthbocth  nojioroii  opTOTpomioii  o6ojiohxii,  Haxo^Hmeii- 
ch  Ha  ynpyroM  BiiHKjiepoBCKOM  ocHOBaHHH.  IlojiyHeHBi  ypaBHemiH  ycTOiiniiBOCTH  h  BBipanceHiiH  ^jih  napaMeTpa 
Harpy»ceHiiH  xax  b  MO^ejin  Kiipxro(J>4)a-JlHBa,  Tax  i-i  b  MO^ejni  TiiMomeHxo.  9to  no3BOJiaeT  npoBecTH  cpaBHe- 
Hne  xpHTH'iecKOH  Harpy3xn  pflu  o6ei-ix  MO^ejieii  h  oqemiTB  BejiHHHHy  OTHOCiiTejiBHoii  norpeniHOCTH,  bhociimoh 
iirHopiipoBaHiieM  nonepeuHoro  qgBHra.  IIojiyHeHHBie  TeopeTiiHecxiie  pe3yjiBTaTBi  npoiijuiKJCTpiipoBaHBi  ,a,ByMH 
xoHxpeTHBiMH  npHMepaMH  -  o6ojiohxh  1-13  CTexjionjiacTiixa  h  o6ojiohxii,  apMiipoBaHHoii  ,a,ByMH  CHCTeMaMH  Ma- 
JIOpaCTHHCIIMBIX  HHTeft. 

JlHTepaTypa 

[1]  Tobcthk  n.E.  YcTOHHHBOCTb  tohkhx  o6ojiOHeK.  M.,  HayKa,  1995. 

[21  Tobcthk  II. E.  JloKajibHaa  yctohhhboctb  njiacTHH  h  nojiorHx  o6ojiOHeK  Ha  ynpyroM  ocHOBaHHH / /  IfeBecTHH  PAH. 
2005.  Bbih.1  C.  147-160. 

[3]  Haseganu  E.M.,  Smirnov  A.L.,  Tovstik  P.E.  Buckling  of  thin  anisotropic  shells//  Trans.  CSME.  2000  v.  24  no.  IB  P. 
169-178. 

[4]  MuxeeB  A.B.  BjiHHHHe  cflBirra  Ha  jiOKajiBHyio  ycTOHHHBOCTB  nojiorux  o6ojioueK  Ha  ynpyroM  ocHOBaHHH / /  Achmhto- 
THHecKire  MeTOflbi  b  MexaHHKe  fleffiopMHpyeMoro  TBepfloro  Tejia.  C6ophhk  TpygOB,  nocBameHHBix  70-jieTHio  npoffieccopa 

n.E.  ToBCTHKa.  cne.  bbm,  2006. 

[5]  Tobcthk  n.E.  noTepa  yCTOHHHBOCTH  tohkhx  o6ojioueK,  CBa3aHHaa  co  cjia6biM  3aKpenjieHiieM  Kpaa//  BecTHHK  Jle- 
HHHrp.  yHHBepcuTeTa.  Cepua  MaTeM.,  Mex.,  acTp.  1991.  N2  3.  CTp.  76-81. 


Study  of  Local  Stability  of  Shallow  Orthotropic  Shells  on  the  Elastic  Base 
in  Kirchgoff-Love  and  Timoshenko  Models 
Miheev  A.V. 

Saint-Petersburg  State  University,  Russia 

To  solve  the  task  of  local  stability  of  thin  shallow  shells  under  momentless  initial  forces  many  authors  considered 
so  called  "local  approach".  Its  essence  is  "freezing"  the  coefficients  of  equations  of  shell’s  stability  and  ignoring 
boundary  conditions.  This  approach  is  suitable  in  cases  where  shell’s  deformation  has  local  character  and 
boundary  conditions  are  not  weak.  In  this  work  we  consider  the  question  of  stability  loss  of  shallow  orthotropic 
shell  on  elastic  Winkler  base.  Equations  of  stability  and  expression  of  load  parameter  are  obtained.  We  compare 
the  critical  load  in  Kirchgoff-Love  and  Timoshenko  models.  The  results  obtained  are  illustrated  by  two  numerical 
cases:  shells  made  of  glass-fiber  material  and  shells  reinforced  by  two  systems  of  fibres. 


KJIACCHBECKAH  MEXAHHKA 
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yCTOHHHBOCTb  HECTAIJHOHAPHbIX  flHHAMHHECKHX  CHCTEM 

OnPEAEJIEHHOrO  KJ1ACCA 

Mopo30B  B.M.,  KajieHosa  B.H.,  Co6ojieBCKHH  II. M. 

HHcmumym  MexanuKU  MTy  um.  M.B.  JIoMonocoea,  Poccuh 

PaccMaTpi-iBaeTca  cnepnajiBHBiii  Kjiacc  MexaHiinecKiix  chctcm,  jiiiHeapii30BaHHBie  ypaBHemiH  kotopbix  otho- 
chtch  jiii6o  k  Kjiaccy  HecTapiiOHapHBix  cucTeM,  npiiBopiiMBix  k  CTapiiOHapHBiM  npii  noMOipn  KOHCTpyKTiiBHoro 
npeo6pa30BaHiia  JlanyHOBa,  J11160  k  cncTeMaM,  6jih3khm  k  yKa3aHHBiM. 

TpapiipnoHHBiii  cnoco6  nccjiepoBaHiiH  ycTOiiHiiBOCTii  jniHeiiHBix  HecTapiiOHapHBix  cucTeM  (JIHC)  x  =  A(t)x 
cocTOHT  b  npe^CTaBjiemiii  MaTpiipBi  cncTeMBi  b  Biipe  pByx  cjiaraeMBix,  opHO  H3  kotopbix  Aq  -  nocTOHHHO,  a 
ppyroe  b  HeKOTopoM  CMBicjie  Majio.  H3  cboiictb  ycTOiiHiiBOCTii  CTapnoHapHoii  cncTeMBi  c  MaTpnpeft  Aq  npii 
BBinojiHeHim  onpepejieHHBix  ycjiOBiiii  moikho  cpejiaTB  bbibopbi  06  ycTOiiHiiBOCTii  ncxopHoii  JIHC. 

IlpepnojioaaiM,  hto  bo3mo>kho  imoe  pa36iieHiie  MaTpiipBi  KOScjDcjDiipiieHTOB  cncTeMBi  A(t)  =  Ao(t)  +  Hi(f) 
TaKoe,  hto  MaTpiipa  A\{t )  Mana,  a  ciiCTeMa  x  =  Ao(t)  npiiBopiiMa  nyTeM  KOHCTpyKTiiBHoro  npeo6pa30BaHiia 
.JlanyHOBa.  Torpa  iicxopHan  CiiCTeMa  npiiBopiiTCH  k  Biipy  y  =  ( Bo  +  B\(t))y,  rpe  Bq  =  const,  a  MaTpnpa 
Bi  ( t )  Mana.  IIpii  stom  pjin  aHajni3a  ycTOiiHiiBOCTii  cncTeMBi  npiiMeHiiMBi  ri3BecTHBie  TeopeMBi  06  ycTOiiHiiBOCTii 
jniHeiiHBix  cucTeM  c  noHTii  iioctohhhoh  MaTpnpeft.  HH<t>opMapi«i  o  piiHaMiiHecKOM  o6T>eKTe,  copepacaipaaca  b 
MaTpupe  A(t),  npii  TaKOM  MeTope  peKOMno3iipiin  ncnojiB3yeTca  6ojiee  nojiHO,  hto,  ecTecTBemio,  OTpaacaeTca  b 
60Jiee  TOHHBIX  BBIBOpaX  06  yCTOftHHBOCTH. 

KaK  H3BecTHO,  ciiCTeMy  ypaBHeHiift  pBinKemiH  tojiohomhbix  MexaHiinecKiix  cucTeM,  jiiiHeapii30BaHHBix  b 
OKpecTHOCTi-i  HeKOToporo  nporpaMMHoro  pBiiaceHiia,  mojkho  npepcTamiTB  b  Biipe 

Ni(t)x  +  N2(t)x  +  N3(t)x  =  0,  (1) 

rpe  x{n  x  1)  —  BeKTop  coctohhiisi,  JVj(f)(n  x  n)  ( i  =  1,2,3)  —  MaTpiipBi  c  HenpepBiBHO  pii4xf>epeHpnpyeMBiMii 
ajieMeHTaMii  Ha  iiHTepBajie  [to,  00). 

PaccMaTpiiBaiOTca  MexaHiiHecKiie  cncTeMBi,  MaTpiipBi  kotopbix  npepcTaBjiaiOTca  b  (J>opMe  Ni(t)  =  Nf(t)  + 
eRi(t,e).  MaTpiipBi  N®(t)  ypoBjieTBopaiOT  ypaBHem-iaM  Biipa  A(t)  =  CA(t)  —  A(t)C,  rpe  C^nxn)  =  const', 
e  >  0  —  MajiBiii  napaMeTp;  sjieMeHTBi  MaTpup  Ri{t,e)  aBjiaiOTca  HenpepBiBHBiMii  orpaHiiHeHHBiMii  cjDyHKpuaMii. 
ripeo6pa30BaHi-ie  x  =  exp (Ct)y  npimopiiT  CiiCTeMy  (1)  k  Biipy 

L°y  =  -£L1y,  (2) 

rpe  L°y  =  My  +  Gy  +  Ky,  M  =  N10,  G  =  2 N10C  +  N20,  K  =  NWC2  +  N20C  +  JV30;  L1y  =  Kxy  +  (2K \C  + 
K2)y  +  {K\C2  +  K2C  +  K3)y,  Ki{t)  =  e~ctNi{f)eCt  —  orpaHiineHHBie  <J>yHKpHH. 

ITpn  e  =  0  ciiCTeMa  (1)  OKa3BiBaeTca  npiiBopiiMOii  k  CTapnoHapHoii  ciiCTeMe  (2),  h  b  stom  cjiynae  iiccjiepo- 
BaHiie  ycTOiiHiiBOCTii  HecTapnoHapHoii  cncTeMBi  (1)  CBopiiTca  k  aHajiii3y  ycTOiiHiiBOCTii  CTapnoHapHoii  cncTeMBi. 
H3yHeinie  CTpyKTypBi  MaTpup  cncTeMBi  (2)  no3BOJiaeT  npiiMeHiiTB  TeopeMBi  KejiBBiina-HeTaeBa  h  pa3jiiiHHBie 
hx  o6o6ipeHiia. 

Ecjiii  £  7^  0,  to  HeTpypHO  noKa3aTB,  hto  HMeiOT  MecTO  yTBepjKpeHiia,  aHajioniHHBie  TeopeMaM  06  ycTOiiHi-i- 
BOCTii  cucTeM  nepBoro  nopapxa  c  noHTii  nocToaHHOii  MaTpiipeii.  B  KanecTBe  npiiMepoB  paccMOTpen  pap  3apan 
06  yCTOIIHHBOCTH  pBIIJKeHIia  pa3JIIIHHBIX  MexaHHHeCKHX  CIICTeM. 

Pa6oTa  BBinojiHeHa  npii  HacTiiHHOH  noppepiKKe  rpaHTOB  POOH  (05-08-50148;  06-01-00222)  h  nporpaMMBi 
"  Y HiiBepciiTeTBi  Pocciiii " . 


Stability  of  Time-Varying  Dynamical  Systems  of  the  Certain  Class 

Morozov  V.M.,  Kalenova  V.I.,  Sobolevskiy  P.M. 

Institute  of  Mechanics  of  Lomonosov  MSU,  Russia 


The  special  class  of  mechanical  system  is  considered.  The  linearized  equations  of  these  systems  are  either 
reducible  ones  by  the  constructive  transformation  or  can  be  are  closed  to  them.  The  new  method  of  stability 
analysis  of  these  systems  is  suggested.  Some  mechanical  examples  are  considered. 
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OB  yCTOHHHBOCTH  CTAIJHOHAPHBIX  ABH^CEHMn 
MEXAHHHECKHX  CHCTEM,  COCTOSTTTmX  H3  ^BYX  TBEP^BIX  TEJI, 

coeahhehhbix  ynpyrnM  ctep>khem 

Mopo30B  B.M.,  Hncao  Ij3e 

Hncmumyrn  Mexanunu  MTy  um.  M.B.  JIomohoco6cl,  Poccuh 

ripo6jieMbi  Bbi,n,ejieHiiH  CTapHOHapHbix  ^bh>k6hhh  (CA)  h  HejiiiHeiiHoro  aHajiii3a  hx  ycTOHHHBOCTH  pjm  cocTaB- 
Hbix  KOCMiinecKiix  annapaTOB,  coctohih,iix  h3  TBep,3,bix  h  ynpynix  Ten,  hbjijootch  BajKHbiMii  h  Tpya,HbiMii.  CTpo- 
rafi  o6hi,hh  MeTO,a,  uccjie^OBaHiiH  ycToimHBOCTH  CA  Taxi-ix  cucTeM,  b  ocHOBe  KOToporo  jie»caT  rmeii  BToporo  Me- 
TO,a,a  JlanyHOBa,  6biji  npe^,jio»ceH  B.B.  PyMHHpeBbiM.  Y 'ichhkh  h  nocjie^,OBaTejiii  B.B.  PyMHHpeBa,  k  kotophm 
OTHOCHTCH  H  0,II,ITH  H3  aBTOpOB  ,3,aHHOH  pa6oTbI,  pa3BII3II  3T0T  MeTO.3,  II  npHMeHHJIH  erO  K  psmy  KOHKpeTHbIX 
3a^,an. 

3^ecb  paccMaTpiiBaeTCH  sa^ana  06  ycToii'iiiBOCTii  CA  cbo6o^hoh  Mexami'iecKoii  cucTeMbi,  cocToameii  H3 
^Byx  TBep^bix  Te3,  coe^iiHeHHbix  tohkiim  HepacTsuKiiMbiM  ynpyniM  CTepxoieM.  H3MeHeiniaji  noTeHH,na3bHaji 
SHepriiH  cucTeMbi  iiMeeT  bh^ 

w=fs  +  n‘- 

rpp  —  noTeHH,na3bHaH  SHepniH  ynpyroii  ^ecjDopMapiiii  CTepiKHsi,  S  =  7  •  0  •  7  —  momcht  imeppini  cucTeMbi 
OTHOciiTe3bHO  ocii  BpairieHHM,  7  —  opT  ocii  BpameHiiH,  0  —  TeH3op  imeppini  cucTeMbi  rjik  ee  peHTpa  Macc,  k  — 
nocTOHHHaH  iiHTerpa3a  njioma^eH. 

YpaBHeHiiH  CA  paccMaTpiiBaeMOH  cucTeMbi  h  ecTecTBemibie  rpaHHHHbie  ycnoBiisi  nonynaiOTCH  H3  ycjiOBHH 
SW  =  0.  9th  ypaBHemiH  npe7,CTaB3JiiOT  co6oii  coBOKynHOCTb  aj[re6pan'iecKnx  ypaBHeHHH  h  ,a,Hc}}cj}epeHii,Hajib- 
Hbix  ypaBHeHiiii  4-ro  nopa^Ka  OTHOCHTejibHO  komhohcht  BeKTopa  ynpynix  nepeMem,eHHH  Tonex  CTepvKHH. 

Hccjie,3yeMbie  CA  npe^CTaBjiHiOT  co6oft  paBHOMepHbie  BparueHiiH  CHCTeMbi  c  npoH3BOJibHoft  yrjiOBoit  CKopo- 
CTbio  BOKpyr  07HOH  H3  raaBHbix  oceii  HHepuHH  CHCTeMbi,  npn  stom  CTep»ceHb  Haxo^iiTCH  b  He^ecjDopMiipoBaHHOM 
COCTOHHIIII. 

AocTaTOHHbie  ycjiOBHii  ycToii'iiiBOCTu  CA  paccMaTpHBaeMOH  CHCTeMbi  no3yHeHbi  Kax  ycjiOBHii  nonojKiiTenb- 
hoh  onpeflejieHHOCTH  BTopoii  BapnapiiH  S2W  A y h k n h o h a  j i a  H3MeHeHHoit  noTeHipiajibHOii  SHepnin  CHCTeMbi. 
BbipaiKeiHie  7,3a  52W  mojkho  npe^CTaBiiTb  b  BH,a,e 

82W  =  F0{u)+Fl{u,1)  +  F2{1), 

vpfz  Fq  —  KBaflpaTHHHbift  <J>yHKii,HOHaji  ot  komhohcht  ynpynix  nepeMein,eHHH  u,  F\  —  (J>yHKii,HOHaji,  bHjiHHeftHbift 
OTHOCiiTeabHO  KOMnoHeHT  ynpynix  nepeMemeHiiii  u  h  nepeMemibix  7,  F2  —  KBa^paTiraHaa  (J>opMa  nepeMeHHbix 
7- 

Yc30Bii5i  no30>KHTe3bHOH  onpe7,e3eHHOCTii  52W  pa36iiBaiOTCH  Ha7.Be  rpynnbi,  nepBaa  H3  kotophx  o6ecneHii- 
BaeT  noaojKHTeabHyio  onpe^eaeHHOCTb  (J>yHKii,HOHa3a  Fq,  a  BTopaa  npe^CTaBaaeT  co6oh  ycaoBiia  noaojKiiTeab- 
Hoii  onpe^eaemiocTii  KBa^paTiinHOii  (J>opMbi  U( 7)  =  F2('y) +1  /2Fi(u° ,  'y) .  3,n,ecb  w°  —  <f>yHKii,HH,  /ipcTaBj  1  a io  1  u lie 
MiiHiiMyM  <J>yHKH,HOHajia  Fq  +  F\  npn  tjniKCiipoBaHHbix  3HaneHiiax  nepeMeHHbix  7. 

IIpoBe^eH  aHa3H3  noayneHHbix  ycaoBiiii  ycTOiiniiBOCTii  CA  b  3aBnciiMOCTH  ot  napaMeTpoB  cncTeMti. 
Pa6oTa  BbinoaHeHa  npn  nacTiinHOii  no73,ep>KKe  rpaHTOB  POOH  (05-08-50148;  06-01-00222)  h  nporpaMMbi 
"  Y HHBepCHTeTbl  PoCCHH  "  . 


On  Stability  of  Steady-State  Motions  of  Mechanical  Systems  Consisted 
of  Two  Rigid  Bodies  Those  Connected  by  Elastic  Band 
Morozov  V.M.,  Chao  Tze 

Institute  of  Mechanics  of  Lomonosov  MSU,  Russia 

The  stability  problem  of  the  steady-state  motions  of  the  free  mechanical  systems  consist  of  two  rigid  bodies 
those  connected  by  elastic  band  is  investigated  based  on  the  strong  methods  of  stability  theory.  The  sufficient 
stability  conditions  are  obtained  as  the  positive  determinacy  conditions  of  the  second  variation  of  the  change 
potential  energy. 


KJ1ACCHHECKAX  MEXAHHKA 
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MOAMHKAIJM  CTOXACTHHECKOH  MOAEJTH  kpobh 
Haropm>m  C.C.,  $oMHHa  O.H.,  IjH6apoB  B.A.,  D[oh  C.B. 

CaHKm.-IJemep6yp2CKUu  eocydapcmeennuu  ynueepcumem,  Poccuh 

IlepBaH  nontiTKa  CTOxacTiinecKoro  oraicaHiia  flHHaMHKH  KpoBii  6bijia  ocymecTBjieHa  b  paSoTax  [1,2].  HacTOH- 
in,aa  MO/'picJiHKanHH  coneTaeT  OTHOCiiTejiBHyio  npocTOTy  MO^ejin,  ho  ymiTbiBaeT  BjiiiaHiie  HHBapi-iaHTOB  TeH3opa 
CKopocTeii  ^ecjDopMapiiii  Ha  scJ^eKTi-iBHyio  bh3koctb  ii  ynpyriie  CBOHCTBa  ctpombi,  arpernpoBaHiie  cjjopMeHHbix 
3 jieMGHTOB ,  nocTynaTejiBHoe  h  BpaipaTejibHoe  hx  ^BiiHceHiie,  KOHenHOCTb  pa3MepoB  BKjnoneHHH .  IIojiyHeHbi  npe- 
,n,ejibHbie  h  cjia6o  HepaBHOBecHbie  3aMbiKaiomHe  cooTHomeHira  pjisi  ypaBHemiH  i  e m o/ ^  h  h  a  m  h  k  h  ,  m 0^3 h c]) h Ka h h h 
cjjopMyjibi  C09,  BbipaaceHiie  ^jih  pa3HOCTi-i  CKopocTeii  <J>a3.  Mo^ejm  ,n,aeT  KOHenHoe  3HaneHiie  KOHpeHTpapiiH  ar- 
periipyromiix  BKjnoHem-iH  npn  CTpeMjieHini  BpeMemi  k  6ecKOHeHHOCTi-i.  YTOHHaeTCH  nocTaHOBKa  MO^ejm  Kani-ui- 
jiapa.  Ha  ocHOBe  MeTO^a  onTHMH3an,HH  ,n,aHa  3aMKHyTaa  nocTaHOBKa  h  nojiyneHO  pernem-ie  3a^,anH  o  ^BHJKeHHH 
KpoBii  no  ynacTKy  KpoBeHOCHoro  cocyn,a  6jni3Koro  k  3  j  r  j  r  h  i  r  t  h  1  rec  kom y  c  nepeMeHHoii  h  ho^bhhchoh  rpaHiipeii. 
B  KpoBi-i  na6jno^i,aiOTCH  aHTHCHMMeTpiiHHbie  iianpaHceHHH,  o6ycjiOBjieHHbie  ee  3aBHxpemiocTbio.  JpiR  CTeneHHoii 
MO^ejiii  KpoBii  nojiyneHa  s^c^eKTiiBHaa  bh3koctb  «KBa3HHbK>TOHOBCKoro  npn6jiH>KeHHH»,  hto  no3BOjnijio  HafiTH 
no  H3BecTHbiM  SKcnepiiMeHTajibHbiM  ^aHHbiM  3aBHCHMOCTB  noKasaTejia  CTenemi  b  CTeneHHoii  MO^ejn-i  KpoBii  ot 
oGteMHOH  ^ojih  npHMecH. 

JlnTepaTypa 

[1]  L[ii6apoB  B.A.  KwHeTHKa  h  rHflpo,a,HHaMHKa  KpoBii.  I  //  BecTH.  C.-IIeTep6.  yH-Ta.  Cep.  1.  1997.  Bbin.  4.  (Ns  22). 
C.  101-107. 

[2]  Hn6apoB  B.A.  KimeTHKa  a  niflpoflHHaMHKa  kpobh.  II  //  BecTH.  C.-IleTep6.  yH-Ta.  Cep.  1.  1998.  Bun.  1.  (N2  1). 
C.  98-104. 


Modification  of  Blood  Stochastic  Model 

Nagorny  S.S.,  Fomina  O.N.,  Tsibarov  V.A.,  Tsoy  S.V. 

Saint  Petersburg  State  University ,  Russia 


Moving,  rotation  and  aggregation  of  elements  are  descripting.  The  dependence  of  power  (on  the  power-viscosity 
model)  from  the  moment  of  inertia  and  from  erythrocytes  concentration  is  studied. 
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AHAJIH3  KOJIEBAHHH  MAflTHHKA  IIOA  AEHCTBHEM  CHJIBI 
COnPOTHBJIEHM,  nPOnOPLtHOHAJIBHOH 
IIEPBOH  CTEIIEHn  CKOPOCTH 

HecMaHHfaiii  ,ZJ.B.*,  JlyKainos  C.C.** 

*  cm  ry  htmo,  Poccuh 

** 0A0  HIJK  «Buconue  TexHOJioeuu»,  Poccuh 

nojio»ceHiie  cJjyHKHHH,  HBjijnoir,eiicH  pemeHiieM  ^inJxJjepeHiiyiajiBHoro  ypaBHemiH,  oniiCBiBaiomero  ^BH>KeHne 
MaaTHHKa  no  hhopumh, 

Lp  =  2arcsin[£sn(w)],  (1) 

cjjyHKpiieii  AByx  nepeMemibix,  apryMeHTa  u{t),  h  nponoppuoHajiBHoro  OTKjiOHeHino  MauTHiiKa  ot  nojiojKeHira 
paBHOBeciiH  3Kcn,eHTpnciiTeTa  e{t)  KimeMaTiiuecKoro  sjunmca,  na  KOTopniii  OTo6pa»caeTCH  ^Biinceniie  m anTHi-iKa , 
no3BOJiaeT  nocTpoiiTB  ,a,Ba  ^,ii(f>4)epeHii,iiajiBHBix  ypaBHeniia,  omiCBiBaiomiix  noBe^emie  yraa  h  pasMaxa  MaTe- 
MaTiinecKoro  MaaTHiiKa  npn  ero  ^BiinceHini  no,a,  ^encTBHeM  conpoTHBjiemiH  TpemiH. 

Ann  3Toro  Heo6xo,a,i'iMO  n  ,n,ocTaTOHHO  Haft™  nojmyio  BTopyro  npoii3BO,a,HyK)  no  BpeMenn  ot  (JjyHKpnn  (1)  c 
nocjie^i,yioiii,HM  nojionceHneM  e  nocTOHHHoft  BejinuiiHoft  n  y,a,ep>KaTB  b  ee  BBipancemin  njieHBi,  nponoppnoHajiBHBie 
nepBOii  CTenenn  CKopocra  n  npoii3BO,n,Hoft  ot  Hee. 

riojiyneHHBie  Tam-iM  o6pa30M  ^i-KjKjjepeHpnajiBHBie  ypaBHemin  ,n,aiOT  TOHHoe  aHajiiiTiinecKoe  om-icam-ie  6a- 
jiaHca  chji.  Bee  cjiaraeMBie,  Bxo,n,5nnHe  b  ypaBHemin  .gBHJKeHHH,  BBipancaiOTCH  nepe3  H3BecTHBie  HaM  napaMeTpni 
CBo6o,n,Horo  ^BiinceHiiH. 

HncjieHHBin  aHajni3  npoBO,n,HTCH  nocpe,n,CTBOM  pememiH  TpaHcpeH^eHTHoro  ypaBHemra,  oniiCBiBaiomero  ko- 
jie6aHHH  ManTHiiKa  n  naxonyuemiH  MaKcriMyMOB  aMnjiHTygbi  3aTyxaK>m,Hx  KOJie6aHnii. 

The  Analysis  of  Pendulum  Oscillations  under  the  Action  of  Resistant 

Force  Proportional  to  Velocity 

Nesmachniy  D.V.*,  Lukashov  S.S.** 

*SPb  SUITMO,  Russia 

** Research  and  Production  Company  "High  Technology" ,  Russia 

Mathematical  pendulum  oscillations  under  the  action  of  resistant  force  proportional  to  velocity  are  analyzed  by 
means  of  force  balance  constructing  and  using  methods  of  elliptic  functions.  The  calculus  of  approximations  is 
used  for  analysis  as  well. 


flHHAMHhECKHH  AHAJTH3  riPOAOJTBHOrO  ,H;BH>KEHH5I 
ABTOMOEHJLR  C  YCKOPEHHEM 

Hocona  E.M. 

CaHKm-IIemepSypscKuu  eocydapcmeennuu  ynueepeumem,  Poccuh 

ripiiBO^HTCH  flHHaMHuecKHH  aHajiii3  pa3roHa  aBTOMo6njiH  c  ycKopem-ieM  npn  najinunn  ocBo6o:*cq,aiomeft  iiHTe- 
rpiipyeMon  HerojiOHOMHoii  cbh3ii.  PaccMaTpnBaiOTCH  ^Bi-raceHiin  nepe^HenpiiBO^Horo  n  3a^,HenpiiBO^i,Horo  aBTO- 
Mo6njien.  YunTBiBaiOTCH  bo3mo>khocth  npo6yKCOBKn  Be^ymnx  KOJiec.  CocTaBjieHBi  ^,n<f)4)epeHn,najiBHBie  ypaB- 
HeHiiH  Bcex  bo3mo>khbix  cjiynaeB  npo^ojiBHoro  .gBi-internra  aBTOMo6njieii  npn  pa3roHe.  ripoBe^eHBi  pacneTBi 
^BHuceHHH  Anyx  yKa3aHHBix  TnnoB  aBTOMo6njieii  npn  o^iiHaKOBBix  3aKOHax  H3MeHeHiiH  .gBHJKymero  MOMeHTa. 

The  Dynamic  Analysis  of  a  Longitudinal  Motion  of  a  Car  with  Acceleration 

Nosova  E.M. 

Saint  Petersburg  State  University,  Russia 

The  dynamic  analysis  of  acceleration  of  a  car  with  a  relaxing  integrable  non-holonomic  constraint  is  given.  The 
motions  of  front-drive  and  rear-drive  cars  are  regarded.  Slipping  of  driving  wheels  is  considered  to  be  possible. 
The  differential  equations  for  all  possible  cases  of  longitudinal  motion  of  cars  with  acceleration  are  established. 
The  calculations  of  motion  of  the  two  above  types  of  cars  with  identical  laws  of  changing  a  driving  moment  are 
conducted. 
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OnTHMH3AI];Ha  nPOOHM  KPblJTA  CAMOJIETA 
06ra,a,3e  T.A.,  ^aBHTamBHJiH  H.A. 

rpy3UHCKUu  TexHuuecKuu  ynueepcumem,  T6ujiucu 

ripii  H3y'ieHHH  3a,n,aH  o6TeKaHiisi  bh3koi"i  ua-mKOCTbio,  uacTO  npiiMeHHiOT  MaTeMaTiiuecKyio  Moyejib  HaBbe- 
CTOKca,  pa3pa6oTaHHBie  cooTBeTCTByromne  ajiropiiTMbi  HacTOJitKO  cjio>khbi  h  norpeiniiocTii  HacrojibKO  bbicoki-i, 
hto  CTaHOBHTCH  Majionpiiro,ii,HBiMH  yjra  as pcy t h h aM hkh.  lIosTOMy,  cooTBGTCTByiomiie  pacneTBi  na  npaKTHKe,  oc- 
HOBaHBi  Ha  nojiyaMraipiiHecKiie  cjsopMyjibi  i-i  cooTHomeHiia.  Mbi  ctpoiim  ajiropiiTM,  kotopbih  ocHOBaH  Ha  Kjiaccu- 
necKiie  3KcnepriMeHTBi  h  3aKOHBi  Mexam-iKH.  PaccMaTpimaeM  BH3Kyio,  h ec>K h m ae m y ro  HamKOCTb  h  nocjie  3Toro 
nojiB3yeMCH  cjDopMyjiaMii  nepecueTa  yjiH  nepexoya  Ha  aspoyiiHaMiiHecKiie  noKa3aTejni  b  cjiyuae  c >k  h m ae m o h 
>kh,ii,kocth.  Pa6oTa  ocHOBbiBaeTCH  Ha  MeToye  HejiiiHeiiHoro  nporpaMMi-ipoBam-iH  yjiH  MHHHMH3apnH  HHTerpajiB- 
hoi“i  hgbhskh,  Korya  3aKOH  coxpaHeHHH  MaccBi  h  HHTerpajiBHoe  ypaBHeHiie  BepHyjuin  yjra  bh3kiix  jKi-mKOCTeii 
npe,H,CTaBjieHBi  b  Bnye  orpaHi-iHemiii. 

Ajih  fleMOHCTpau,HH  HOBoro  ajiropiiTMa  npiiBoyiiTCJi  sayaua  o6TeKaHHH  npocJjHjiJi  Kptuia  caMOJieTa.  Kpbuio 
caMOJieTa  npeycTaBjiaeTCJi  MaTpuyaMii  KOop/ymaT  Tonex  npocjDHjiH,  no  OTyejibHOCTii  ctpohtch  nojniHOM  an- 
npoKCHMayHH  h  pe3yjitTaT  npoBepaeTCH  rpac})HKOM.  KoMnoHeHTbi  BeKTopHoro  norm  hckomoii  CKopocm  onpeye- 
jijhotch,  Kan  nojniHOMbi  yByx  nepeMeHHbix  c  Heii3BecTHbiMii  koscJxJ)  h  yHeH'raMH .  Heii3BecTHbie  KOS^cjjHyneHTbi 
BbiHHCjnnoTCH  MeToyoM  Hejnmeimoro  nporpaMMiipoBaHHH,  Korya  ycjiOBi-isi  orpaHiiueHiisi  npeycTaBjunoT  co6oi“i 
yejieByro  (JjyHKiyiio,  a  3aKOH  coxpaHeHira  Macc  h  ypaBHeHiie  BepHyjuin  npeycTaBjunoT  co6oii  ycjiOBHH  orpa- 
HH'ieHHH.  CTaBHTCH  ii  pemaeTCsi  3ayana  o  HaxojKyeHini  HiisKHero  KOHTypa  npocjDiijiJi,  H3  ycjiOBHH  MaKCiiMyMa 
KanecTBa. 


Optimization  of  Airplane  Wing  Profile 

Obgadze  T.A.,  Davitashvili  I. A. 

Georgian  Technical  University,  Tbilisi 

In  order  to  study  the  problems  of  viscous  fluid  flows  around  a  profile  Navier-Stokes  mathematical  model  is  often 
used.  The  algorithms  developed  for  this  model  are  so  complicated  and  the  error  is  so  grave  that  it  becomes 
unsuitable  for  the  problems  of  aerodynamics.  Therefore,  the  correspondent  calculations  are  mostly  done  with 
the  help  of  semi  empirical  formulas.  We  construct  an  algorithm  based  on  basic  laws  of  mechanics  and  classical 
experiments.  We  consider  incompressible  viscous  fluid  and  then,  using  calculation  formulas,  we  make  a  transition 
to  aerodynamic  indices  of  a  profile  for  compressible  fluids.  The  article  is  based  on  using  nonlinear  programming 
method  for  minimization  of  integral  error  when  boundary  conditions  represent  mass  conservation  law  and 
Bernoulli  integral  equation  for  viscous  fluids. 
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o  norPEiiiHOCT5ix  npn  hhcjiehhom  pachete  ycTOHHHBOCTH 
ynpyronjiACTHHECKoro  coctoehhh  iijiacthh 

H3  AHn30TP0nHbIX  MATEPHAJIOB 
IlaBHJiaHHeH  T.B.,  KDuihh  P.KD. 

CaHKm.-IIemepdypzcKuu  zocydapcmeennuu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  3a,n,aHa  narnSa  Kpyrjioii  tohxoii  njiacTHHBi,  paBHOMepHO  Harpyscemion  no  o,h,hoh  H3  noBepx- 
HOCTeii,  cbo6o,ii,ho  onepToii,  H3roTOBjieHHoii  H3  jniCTOBoro  npoxaTa,  o6jia,n,aiomero  CBOiicTBaMii  TpaHCBepcajiBHon 
H30Tponnn,  h  acjDcjrexTOM  pa3HOConpoTHBjiaeMOCTii  pacTaxeHiiio  n  oxaTiuo  (scJxjDexT  SD).  Hccjie^yiOTCH  cjiy- 
nan  ynpyroro  n  ynpyronjiacTiinecxoro  coctohhiih  ,a,o  noTepn  ycTonniiBOCTii  npn  o6pa30BaHi-n-i  njiacTiinecxoro 
inapmipa  b  peHTpe  nnacTHHM. 

YnpyronjiacTimecKaH  3a,a,ana  H3rn6a  ^jih  ii30Tpomion  njiacTHHBi  6bijia  nccjie^OBaHa  b  paboTax  B.B.  Co- 
KOJiOBCKoro,  r^e  pememie  npoii3Be,n,eHO  nojiyo6paTHBiM  mgto^om  npn  m-icjieHHOM  HHTerpnpoBaHHH  cucTeMBi 
o6BiKHOBeHHBix  rn,ii4xf>epeHii,Ha.iiBHBix  ypaBHeroiH  BToporo  nopsi/jxa  c  h e j i  h  h e h  h  bi  m  h  ko 3 <f) <t)  h  n,  h  e  h  rra  m  h  othocii- 
TejiBHO  Heii3BecTHOH  cjjyHKHHH  rpamipBi  y(rj  Me>xyiy  ynpyroii  h  njiacTiinecxiiMii  nacTHMii  njiacTHHBi  n  (J>yHxii,HH 
w(r),  CBH3aHHOi“i  TpnroHOMeTpHHecKHMH  cooTHomeHHHMii  c  napaMeTpaMi-i  kphbh3hbi.  ripiiiiiiMaeTCH  KpHTepini 
TeKynecTii  Mri3eca  h  ycjiOBiie  njiacTiinecxon  iieoxiiMaeMOCTii  MaTepiiajia  A. A.  IljiBioniiiHa.  B  npe,a,jiaraeMOi"i 
pa6oTe  ncnojiB30BaH  6ojiee  cjiohchbih  xpiiTepiin  TexynecTii,  npe^jionceHHBiii  O.F.  PBi6axiiHon,  kotopbih  ymiTBi- 
BaeT  aHH30Tponino  h  acjDcjrexT  SD 

(of  -  Aarav  +  a2)1/2  +  a(oy  +  av)  =  k.  (1) 

Hepe3  A,  k  ii  a  o6o3HaneHBi  BejiiiHiiHBi,  CBH3aHHBie  c  npe,n,e.jiaMH  TexynecTii  b  njiocKOCTii  njiacTHHBi  npn  pacTH- 
>k6hhh  a*r  n  npn  oxaTHii  cr*s,  a  Tax>xe  c  cooTBeTCTByiomiiMii  npe^ejiaMii  asr  h  ass  b  nonepenHOM  iianpaBjieHiiii 

A  =  2-  (a*sra*ss(asr  +  <rss)/(a*sr  +  a*ss)/asr/ass)2,  (2) 

a=(1Kr-1KS)/(1K  +  1Ks)>  K  =  2(1/crsr  +  (3) 

Hccjie^OBamie  3a,a,anii  ocjio>xHeHO  TeM,  hto  OTcyTCTByeT  CHMMeTpna  b  pa3BHTHH  njiacTiinecxiix  30ii  Ha  Bepx- 
Heii  ii  HHJXHeft  noBepxHOCTHx  njiacTHHBi.  0,a,Haxo  n  b  stom  cjiynae  ygaeTCn  nocTpoiiTB  ciiCTeMy  HejiiiHeiiHBix 
,a,ii4xJ)epeHii,iiajiBHBix  ypaBHemiH  nsiToro  nopa,a,xa,  xoTopaa  noiTnaeTcu  nncjieHHOMy  iiHTerpiipoBaHino. 

06in,eii  norpenmocTBio  nocTaHOBxii  salami  aBjiaeTca  Tpe6oBaHiie  njiacTiinecxoii  h ec >x  h m ae m oc r r h  .  KpoMe 
SToro,  iiccjie^OBaHiie  niicjieiinoro  peineHiia  cucTeMBi  ^ixJxJiepeHpiiajiBHBix  ypaBHemiH  b6jih3ii  peHTpa  njiacTii- 
hbi,  xoTopniii  aBjiaeTca  oco6oii  tohxoh,  CTaBiiT  Bonpoc  06  ycTonniiBOCTii  ero  b  3aBHCHMOCTH  ot  norpeniHOCTeii 
HanajiBHBix  ^aHHBix  n  ot  rnara  HHTerpiipoBaHiia.  Hccjie^OBamie  rjia,a,xocTii  xoscjDcjDimiieHTOB  ypaBHeHiiii  noxa- 
3BiBaeT  hx  xopoinyio  cxo,h,hmoctb  b6jiii3ii  Hyjia  h  ,n,aeT  opeHxy  norpeniHOCTii  He  6ojiee  xBa,npaTa  BBi6paHHoro 
rnara  HHTerpiipoBaHiia.  Xopomee  coBnafleinie  Ha6jno1n,aeTCJi  h  npn  cpaBHeHiiii  micjieHHoro  pemeHiia  /picjrcjrepeH- 
pnajiBHBix  ypaBHeHHH  h  pemeHiia  no  MeTO^,y  MK9  b  naxeTe  ANSYS,  xoTopoe  He  npeBBimaeT  10%.  Pe3yjiBTaTBi 
mojxho  iicnojiB30BaTB  npn  onpe^ejieHiin  njiacTiinecxiix  cboiictb  jniCTOBoro  npoxaTa. 

PaboTa  BBinojiHemia  npn  no,zmep>xxe  rpaHTa  POOH  01-04-00283. 


On  the  Inaccuracy  in  Numerical  Analysis  of  Elastoplastic  Stability 
of  Anisotropic  Material  Plates 
Pavilaynen  G.V.,  Yushin  R.U. 

Saint  Petersburg  State  University,  Russia 


The  problem  of  elastoplastic  bending  of  the  anisotropic  plates  with  effect  SD  is  considered.  The  results  are 
present  as  tables  and  plots. 
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KOHHHECKHE  IIPEIJECCHH  AHHAMKHECKH 
HEyPABHOBEIIIEHHOrO  POTOPA  A^KEOOKOTTA  B  yilPyrHX 

HEJIHHEHHblX  OnOPAX 

IlacfaiHKOBa  H.A. 

CaHKm-nemep6ypzcKuu  zocydapcmeennuu  ynueepcumem,  Poccua 

B  pa6oTe  uccjie^yeTCH  .zpiHaMHKa  npeu,eccnoHHoro  ^BHacemisi  /pmaMiiHecKii  HeypaBHOBemeimoro  poTopa 
A^KecjicjiKOTTa  c  neTBipBMH  CTenemiMH  cbo6o,h,bi  b  ynpyrax  iraoTponHBix  HejiiiHeiiHBix  onopax.  Potop  npe^CTaB- 
jiaeT  co6oi"i  flHHaMHnecKH  ciiMMeTpimHoe  TBep,n,oe  Tejio,  yKpenjiermoe  BepTiiKajiBHO  Ha  jiiiHeiiHO  ynpyroM  Bajiy. 
Maccoii  Bajia  mohcho  npeHe6peHB  no  cpaBHemiio  c  Maccofi  poTopa.  PaccMaTpimaiOTCJi  ,n,Ba  Bi-ma  Hejnmeimoro 
KOHTaKTa  b  onopax:  c  cymecTBeHHO  HejumeimoH  xapaKTepncTHKofi  Tima  Teppa  n  c  copepHcaipeii  j i h h e h h hi h  ii 
KyfmnecKHH  njieHBi  xapaKTepncTHKofi  Tima  ,Hyclx})HHra.  Y'lHTMBaiOTCM  ciijibi  BHenmero  n  BHyTperinero  TpeHira. 
IlpepnojiaraeTCH,  hto  poTop  BparpaeTCJi  c  nocTOHHHon  yrjiOBoii  ckopoctbk). 

IloKaaaHO,  hto  npnMan  npyroBan  CHHxpoimaji  npepeccnn  poTopa  MonceT  6bitb  KOHimecKoro  hjih  rnnep6o- 
jionpajiBHoro  Tima,  b  3aBHCHMOCTii  ot  Biipa  noBepxHOCTii,  KOTopyro  3aMeTBiBaeT  b  npocTpaHCTBe  HepecjiopMH- 
poBaHHan  ocb  BparpeHiDi  poTopa.  IlocTpoeHO  MHoncecTBO  HejiimeiiHBix  pe30HaHC0B,  KOTopoe  no,n,o6HO  CKejieTHon 
KpiiBon  pjin  ypaBHemiH  AycjxJiHHra.  IlojiyneHO  ypaBHemie  pjia  onpepenemra  napaMeTpoB  c aMopeHTpupoB am-m 
poTopa. 

Ajih  poTopa,  yKpenjiemioro  peHTpajiBHO  Mencpy  onopaMii  c  opimaKOBon  jkbctkoctbio,  MonceT  hmctb  MecTO 
criMMeTpnnHan  KOHiinecKan  npepeccnn.  IloKa3aHO,  hto  pjia  pi-maMi-mecKi-i  BBiTimyToro  poTopa  iiMeeTcn  pBa 
HejiHHenHBix  pe30HaHca,  npuneM  b6jih3ii  opHoro  H3  hhx  npoiicxopiiT  3HaniiTejiBHoe  CMeipeHiie  peHTpa  Macc  ot 
paBHOBecHoro  nojiOHcemni,  a  b6jiii3h  ppyroro  iiMeeT  MecTO  nHTeHCiiBHan  pacKanKa  nepecjiopMHpoBaHHOH  och 
BpamemiH  poTopa.  JIflsi  chmm6tph'ihoh  kohr'icckoh  npepeccmi  nocTpoeHBi  aMnjiiiTypHO-  11  (J>a30BO-HacTOTHBie 
xapaKTepncTHKH .  Bo  BceM  pnanasoHe  yrjiOBBix  CKopocTeii  uccjiepoBaHa  ycToimiiBOCTB  no  jiHHeftHOMy  npn6jin- 

JK6HHIO. 

IIoKasaHO,  hto  iiMeiOT  MecTO  pa3jiiiHHBie  cpeHapim  noTepn  ycTOiiHiiBOCTii.  ObHapyjKeHBi  biKjiypKapHH  c 
coxpaHeiiiieM  KOHimecKoro  Tima  npepeccmi  11  c  noHBjieniieM  rHnep6ojion,ii,ajiBHBix  npepeccim.  PIoKasaHO,  hto 
3aKpiiTHHecKan  o6jiacTB  yrjiOBBix  CKopocTeii  npepcTaBjiaeT  co6oii  o6jiacTB  cjiohchoii  puHaMUKH.  YcTaHOBjieHa 
rpamipa  B03HiiKHOBeHiisi  f)H(})ypKanHH  Tima  ApupoHOBa  -  Xoncjia.  C  noMOipBio  Hiicneimoro  nHTerpiipoBaHiiH 
noKa3aHO,  hto  npepejiBHBie  h,iikjibi  npoaBjuiiOT  nyBCTBHTejiBHOCTB  k  ii3MeHeHiiio  HanajiBHBix  ycjiOBim  11  MonceT 
npOIICXOpiITB  IIX  XaOTII3aiI,H5I. 

JlHTepaTypa 

[1]  IlacbiHKOBa  H.A.  YcTOHHiiBOCTb  KOHHHecKoii  npepeccuH  »cecTKoro  HeypaBHOBemeHHoro  poTopa  //  BecTHiiK  CI16ry. 
Cep.  1,  1998,  bbih.  1  (JV®  1).  C.  82-86. 

[2]  Pasynkova  I.A.  Cylindrical  Precessions  of  an  Unbalanced  Jeffcott  Rotor  with  Four  Degrees  of  Freedom  in  Nonlinear 
Elastic  Supports  //  Technische  Mechanik,  band  26,  heft  2,  2006,  p.  117-130. 


Conical  Precessions  of  an  Unbalanced  Jeffcott  Rotor 
in  Nonlinear  Elastic  Supports 

Pasynkova  I.A. 

Saint  Petersburg  State  University,  Russia 

Whirling  motion  of  a  dynamically  unbalanced  Jeffcott  rotor  with  four  degrees  of  freedom  is  studied.  The  rotor  is 
assumed  to  be  a  symmetrical  rigid  body  attached  to  a  massless  linearly  elastic  shaft.  The  bearings  are  assumed 
to  be  isotropic  and  nonlinearly  elastic.  Nonlinear  contacts  of  Hertz  and  Duffing’s  types  are  considered.  The 
external  and  internal  damping  is  taken  into  account.  The  rotation  occurs  with  constant  spin  speed. 

It  is  shown  that  a  forward  synchronous  circular  precession  can  be  conical  or  hyperboloidal  in  dependence 
on  the  surface  traced  by  the  undeformed  axis  of  rotation  in  3D  space.  The  equation  with  respect  to  parameters 
of  self-centering  is  obtained.  The  symmetrical  conical  precession  is  studied  in  details.  The  dynamic  response 
is  received  and  stability  is  analyzed  at  the  whole  range  of  an  angular  velocity.  It  is  shown  that  the  different 
scenarios  of  stability  loss  can  take  place.  The  threshold  of  Andronov  -  Hopf  limit  cycles  excitation  is  received. 
It  is  shown  that  chaotization  of  limit  cycles  can  occur. 
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MATEMATHHECKOE  MO^EJIHPOBAHHE  flHHAMHKH 
CTPATHMIjnPOBAHHOH  C)KHMAEMOH  ^CHAKOCTn 

Ileperyzpffl  C.H.,  Xojio,a,OBa  C.E. 

CaHKm-nemep6ypscKuu  socydapcmeennuu  ynueepcumem,  Poccuh 

3a,n,aHa  o  pe/tyKnuu  ypaBHeHHft  /pmaMHKn  o,n,Hopo,ii,Hoft  >kh^kocth  paccMaTpiiBajiacn  CepreeM  AjieKcaH,npo- 
BiineM  Fa6oBBiM  b  [1],  B  HacTOHipeM  iiccjie^OBaHHH  npoii3BO,a,HTCH  nonBiTKa  pe/tyKnuu  ypaBHemift  flraaMHKH 
CJKHMaeMoft  CTpaTi-KjjiipiipoBaHHoii  BpaipaiomeiicH  >kh/[,kocth  c  npoii3BOJiBHoft  c rrp ar h cjj h Ka n h e h . 

PaccMaTpiiBaeTCH  imeajiBHaa  OKiiMaeMaa  ^kh^koctb,  Haxo,n,HmaHCH  b  coctohhhii  paBHOMepHoro  Bpamemra 
BOKpyr  BepTi-iKajiBHofi  och.  ,ZI,eKaPTOBa  ciiCTeMa  KOop^imaT  Oxyz  BpaupaeTCH  BMecTe  c  xi-i^koctbio,  npnueM  ocb 
Oz  nanpaBjieHa  b,ii,ojib  oci-i  Bpamemra.  MajiBie  KOJie6aHHH  paccMaTpiiBaeMoft  >kh/[,kocth  npiiHHTO  oni-iCBiB aTB 
cjiepyiomeft  chci’Cmoh  ypaBHeHHft  [1-3]: 

Po(z)-g ~  +Po(z)[a,v]  +  \7p  +  e3p1g  =  0,  — ^  +  Po(*0(e3> v)  +  p0(z)divv  =  0, 

dpi  =  p0(z)uj^(e3,v) 

dt  c2  g 

r^e  v  —  CKopocTB,  p\  —  H3MeHeHiie  hjiothocth  jkh,zi,kocth,  BBi3BaHHoe  ee  ^BiinceHiieM,  p  —  .n.aBjiem-ie,  c2  - 

^  2 /  \  { p'niz)  g 

KBa,a,paT  ckopocth  3ByKa,  g  —  BejiHuima  ycKopemra  CBo6o,n,Horo  na^erara,  wn[z)  =  —g  H — 

VPoO)  c2{z) 

KBa,a,paT  uacTOTBi  BaftcajiH-BpeHTa,  po(z)  —  pacnpe^ejieinie  njiOTHOCTi-i  b  OTcyTCTBim  ^bh^chuh,  a  =  (0,  0,  a)  — 
BeKTop  Kopnojinca,  npnueM  a  =  |a|  —  yupoeHiiaa  uacTOTa  Bpamemra  3cmjih. 

ITpn  HHTerpnpoBaHHH  nojiyueHHoft  ciictcmbi  ypaBHeHHft  c  uacTHBiMii  npoH3BO^,HBiMH  Ha  rpam-me  o6jiacTH 
r,  b  KOTopoft  Haxo,a,HTCH  hch^koctb,  ,h,oji:>khbi  6bitb  nocTaBjieHBi  rpaHHHHBie  ycjiOBira: 

i  i  (  dp 

p\r=<p{x,t),  (n,  v) |r=  0,  I  Po(0)p(e,v) -:— 

HanajiBHBie  ycjiOBira  .zpra  HCCJie,a,yeMoft  chctcmbi  6yayT  iimctb  bh/o 

v(x,0)  =  v0(x),  pi(x,0)  =  p?(x),  p(x,0)  =  po (x) ,  x  =  (x,y,z)  €  ft. 


BeKTopHBift  xapaKTep  npe,a,CTaBjieHHoft  CHCTeMBi  ypaBHeHHft  npiiBO^HT  k  onpe,a,ejieHHBiM  TpygHOCTHM  hx 
HCCJie,a,OBaHHH.  lIosTOMy  ecTecTBeHHBiM  HBjraeTCH  CTpeMjiemie  CBecTH  ncxo,n,Hyio  BeKTopHyro  CHCTeMy  k  skbii- 
b ajieHTHBiM  CKajinpHBiM  ypaBHemraM  pjiiL  BcnoMoraTejiBHBix  <J>yHKH,Hft.  ,H0Ka3aHa  TeopeMa  o  npe,a,CTaBjieHHH 
peinemra  HCCJie,a,yeMoft  chctcmbi  b  o6jiacTH  O  £  R3,  orpaHiiueHHoft  KycoHHO-rjia,a,Koft  noBepxHOCTBio  T,  na 
ocHOBe  KOTopoft  pememie  CHCTeMBi  cbo^htch  k  CKajrapHOMy  ypaBHeHino  ,zyra  <J)yHKH,HH  u  =  utt 


'  1  d2 
c2(z)  dt2 


Pol.' 

Po  dz_ 


Du  =  Duzz 


cP_ 

dt 2 


d2 

i2“"’  D  =  » 


OyHKpiiH  u(x,t)  onpe,a,ejiHeTCH  paBeHCTBOM  p(x,  t)  =  —g—Du(x,t). 

JlmepaTypa 

[1]  Ta6oB  C.A.,  CBeiiiHHKOB  AT.  JInHeftHbie  3a/;aMM  HecTainiOHapHbix  BHyTpeHHux  bojih.  M.:  Hay-rca,  1990.  344  c. 

[2]  C.A.  Ta6oB.  HoBbie  3a,a,aHH  MaTeMaTiinecKoft  Teopnn  bojih.  M.:  Hayica,  1998.  448  c. 

[3]  BepxecoB  Jl.B.,  IlBaHOB  B.A.,  XapTiieB  C.M.  BBefleHHe  b  niflpoflHHaMHKy  h  Teopnio  bojih.  C.-ricTep6ypr:  riiflpoMe- 
Teon3flaT.  1992.  264  c. 


Mathematical  Modeling  of  Stratified  Compressible  Liquid  Dynamics 

Peregudin  S.I.,  Kholodova  S.E. 

Saint  Petersburg  State  University,  Russia 

The  problem  about  a  reduction  of  the  equations  of  dynamics  of  the  compressible  stratified  rotating  liquid  with 
variable  stratification  is  considered. 
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B3AHMOCB5I3AHHi»IE  HEJIHHEHHblE  3AAAHH  MEXAHHKH 

IIojmin,yK 

HcnceecKuu  mexHunecKuil  ynueepcumem,  Poccua 

CTpyKTypa  aHajni3a  B3aiiMOCBH3aHHbix  Hejnmeimbix  3a,n,aH  MexaHHKH  BKjiiOHaeT  HecKOJibKO  iiH^opMapnoHHbix 
nnpaMHfl:  ocHOBHaa  nupaMH^a  (rpam-i  —  MaTeMaTiiKa,  c})H3HKa,  npiiKjia^Haa  (]:)hj[ococ})iih,  ocHOBaHiie  —  iiHTe- 
rpapiiOHHaa  MexamiKa);  e^iiHaa  4)ii3iiKa  /pm  ciiCTeMbi  h  no/ipiiCTeM  (rpaHii  —  Koae6aHiia,  ycTOiiHiiBOCTb,  CTa- 
THKa,  ocHOBaHiie  —  yn,ap);  SKcnepiiMeHTajibHaa  e/pman  cjriisiiKa  o6T>eKTa;  KOHCTpyKTopcKO-SKcnjiyaTapi-ioimaa. 
Itejib  KOMnaeKCHoro  aHajni3a  B3aiiMOCBa3aHHbix  3a/i,aH  noiiCK  hobbix  cJ)H3H'iecKHx  hbjichiih  kslk  ciiHTe3  hobbix 
<J)H3HHecKHx  hbjichkh. 

PaccMaTpi-iBaeTca  ciiHTe3  hobbix  bii/job  noTepn  ycTOHHiiBOCTii  npn  ygapHOM  Harpyaceniiii  npyaaiHHoro  Me- 
xaHH3Ma  c  HHeppiiOHHbiM  coygapeHiieM  biitkob.  B  KanecTBe  no,n,ciiCTeMBi  npimsiT  bhhtoboh  tohkhh  CTepaceHb, 
ocHOBHbie  3a,a,aHH  KOToporo  pemeHbi  c  iicnojiB30BaHiieM  KjiacciiHecKiix  ypaBHeHi-n“i  Kiipxrocjm-KjieGma.  Hejm- 
HeiiHaa  Teopua  npocTpaHCTBeHHbix  KOjie6aHiiii  (MaTeMaTiiHecKii  sa^aaa  c  HecaMOConpaaceHHbiM  onepaTopoM) 
npe/yiojiaraeT  pa3MbiB  cjjpoHTa  bojihbi  flec^opMapiin  npn  yn,apHOM  Harpyscemni,  hto  He  no3BOJiaeT  o6t>jichhtb 
B03pacTaHiie  KacaTejiBHbix  Hanpa>K6HHH  3a  cneT  yBejiiiHeHiia  MO^yjia  ynpyrocTii.  C  iicnojiB30BaHiieM  /pmaMii- 
aecKoro  MeTO^a  B3aiiMOCBa3aHHOCTb  npocTpaHCTBeHHbix  HejiHHeiiHbix  KOJie6aHHH  BiiHTOBoro  TOHKoro  CTepacHa 
(coBMecTHO  c  A.A-  nojiiimyKOM)  no3BOJiiuia  nojiyniiTb:  ,a,Ba  Bima  aiuiepoBCKOii  noTepn  ycTOiiHiiBOCTH,  neTbipe 
BH,a,a  MecTHoft  noTepn  ycTOiiHiiBOCTH,  aiuiepoBCKyio  noTepio  ycTOHHiiBOCTii  c  BOCCTaHOBjieHiieM  (sKcnepiiMeHT 
KypaTHHKOBoii  E.JI.).  flpa,  Bima  MecTHoft  noTepn  ycTOiiHiiBOCTH  —  CKjia^BiBaHiie  h  BBiCKajiB3BiBaHiie  biitkob,  — 
aBjiaiOTca  iieo6xo/i,iiMBiM,  ho  He^ocTaTOHHbiM  ycjiOBiieM  (JjopMHpoBaHiia  MeacBiiTKOBoro  /jaBjieHini  npn  ygape. 

BnepBbie  ygajiocb  nojiyniiTb  opiirHHajiBHbiH  pe3yjiBTaT  —  o6pameHi-ie  b  HyjiB  Bcero  nacTOTHoro  cneKTpa 
no  HHJKHeft  hjih  BepxHeii  BeTBaM  xapaKTepucTiiHecKoro  ypaBHeHiia.  Ecjiii  npiiHaTb  rnnoTe3y  buhtoboto  yi,e- 
(JiopMHpyeMoro  ^BiiaceHiia  CBeTOBoro  curHajia,  to  /jaHHan  rpynna  bii/job  noTepn  ycTOiiHiiBOCTH  npe/piojiaraeT 
«0CTaH0BKy»  bojihoboto  ^BiiaceHiia  h  ero  «BOCCTaHOBjieHiie»,  —  cbct  cjiopMHpyeT  scjnip,  scjnip  (JjopMiipyeT  CBeT. 

rtpii  co3^aHHH  HejiiiHeiiHOii  cththkh  (KjiacciiHecKaa  3a^,ana  c  Bbipoac^enHoii  MaTpupeii,  c  njioxo  o6ycjiOBjieH- 
hhm  pemeHiieM)  ncnojiB3yeTca  iiHTerpajiBHBiii  mcto/i,  H.B.  A36ejieBa  nocTpoeHiia  cjiyH^aMeHTajiBHOii  MaTpupbi 
pemeHiia.  BcjicjieKT  npocTpaHCTBeHHoro  iiCKaaceHiia  no3BOJiaeT  /i,aTb  /ipcTaTOHHBie  ycjiOBiia  peajiii3aii,HH  ramoTe- 
3bi  tjiopMiipoB aHi-ia  MeacBHTKOBoro  ^aBjieHiia  npn  ygapHOM  HarpyjKerimi  c  iiHeppiiOHHBiM  coygapemieM  biitkob. 
9Ta  rnnoTe3a  no3BOJiiuia  o6T>acHHTb  peajiBHbiii  scjicjieKT  oca/pcn  biitkob  b  o6jiacTii  ynpynix  flecjDopMapiiH  b 
peajiBHOM  HS/tejiHH,  onpe^ejiiiTb  Kpirni'iecKyro  CKopocTb  iiarpyaceHiia.  Ilpii  bbicokom  TeMne  HanpaaceHiia  nocjie 
ygapa  He  ycneBaiOT  3aTyxaTB,  hto  npiiBO/piT  k  B03pacTaHino  «Bii6pau,iiOHHBix»  HanpaaceHiiii  (coxpaHaiOTca  no- 
cjie  coygapeHira)  h  cjiopMHpoBaHHio  b  stiix  ceHeHiia  npyjKHHbi  MeacBiiTKOBbix  ^,aBjieHiiii  3a  caeT  cepiiii  yn,apoB. 
OcHOBy  npiiKjia^Hoii  cJjhjiocoiJhih  o6T>eKTa  cocTaBjiaeT  aHajiiiTiiKO'-KOHCTpyKTopcKiiH  ajiropiiTM.  nojiyHeiiiie  Ka- 
HecTBeimo  hobbix  <J)H3HHecKHx  aBjieHHH  c  npeo^,ojieinieM  6ojiee  50  HejiiiHeiiHOCTeii  bo  BceM  KOMnjieKce  3a^aH 
no3BOJiaeT  Ha^eaTbca  Ha  iiHTepec  cnepnajiiiCTOB  k  nHTerpapiioiinoH  Mexam-iKe. 


Interconnected  Nonlinear  Mechanical  Problems 

Polishchuk  D.F. 

Izhevsk  State  Technical  University,  Russia 

Kinds  of  instability  under  the  ramp  loading  of  spring  mechanism  with  inertial  impact  were  obtained  as  synthesis 
physical  phenomena  of  nonlinear  theory  oscillation,  local  kinds  of  instabilities  and  nonlinear  statics  of  the  helical 
thin  rod. 
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OflHOMEPHAa  HECTAD;HOHAPHA5I  <PH3HKO-MATEMATHHECKA5I 
MO^EJlb  YCKOPEHHH  nOTOKA  nJTA3MbI  B  AEMIJHOHHOM 
nMnyjibCHOM  iijia3mehhom  ABnrATEJiE 

IIonoB  T.A.,  XpycTajieB  M.M. 

rocydapcmeemtuu  HHH  npuKAadnou  MexamiKU  u  9AeKmpodunaMUKU,  MocKea,  Poccua 

0/3,hi-im  H3  HanSojiee  nepcnexTHBHBix  ^BiiraTejieii  pjia.  ciictcm  ynpaBjieHiia  MajiBix  xocmhhccxhx  annapaTOB  hb- 
jiaeTCH  a6jiHn,iiOHHBifi  iiMnyjiBCHBni  njia3MeHHBiii  ^BiiraTejiB  (AHIfU).  Paapn/tHBiH  xaHaji  .gBiiraTejiH  CBepxy  h 
CHri3y  orpaHiineH  napajuiejiBHBiMii  m e rra j i j i h ' i e c k h m h  njiacTHHaMH,  nrpaioiipiMH  pojiB  9jiexTpo,n,OB,  k  kotopbim 
no,a,BO,ii,HTCH  niiTaiomee  Hanpaxemie  ot  xoH^eHcaTopHoro  HaxoniiTejui  9  h  ep  fh  h  .  IIjiacTiiHBi  iiMeiOT  o,n,HHaxoByio 
BejiHHHHy  h  BBinojiHeHBi  b  cjjopMe  Tpanepmi  hjih  npHMoyrojiBHiixoB.  HacTB  6okobbix  CTeHOK  xaHajia  3axpBi- 
Ta  Te<J)jiOHOBBiMH  6jiOKaMH,  HMeioipHMH  MeHBmyio  fljiHHy,  ueM  3jieKTpo,a,Bi.  Ilocjie  HHHipiHpoBaHHJi  pa3pH,a,a  b 
Hauajie  xa>x,ii,oro  HMnyjiBca  h  o6pa30BaHHH  Manoro  nepBiiHHoro  crycTKa  njia3MeHHBii“i  crycTOK  ycxopsieTCH  b 
KaHajie  b  ochobhom  3a  cueT  3jiexTpoMarHiiTHBix  chji,  h  ero  Macca  nonojiHueTCJi  3a  cueT  a6jijm,iiii  tccJijiohobbix 
6jiokob  b  pe3yjiBTaTe  norjioiu,eHiisi  TecJwiOHOM  SHepniii  H3JiyHeHiisi  njia3MBi. 

B  2004  -  2007  ro,n,ax  iiaMii  6Bijia  pa3pa6oTaHa  o,n,HOMepHaji  necTapiiOHapHaa  4»i3iixo-MaTeMaTHHecxaji  mo- 
,a,ejiB  ^Bii>KeHiiH  noTOxa  njia3MBi  b  AHIIA-  B  3toi"i  MO^ejin  CHiiTaeTCH,  hto  napaMeTpBi  njia3MBi  b  HanpaBjieHii- 
ax,  nepneHfliiKyjiapHBix  HanpaBjieHiuo  ycKopemra,  iioctohhhbi .  Mo,n,ejiB  npe/jCTaBjuieT  co6oi"i  cucTeMy  neTBipex 
ypaBHeHiiii  b  nacTHBix  npoii3BO,a,HBix  ,h,jih  <J>yHxii,HH  ,n,Byx  nepeMeHHBix  (BpeMH  h  o/pia  npocTpaHCTBemiaH  xoop- 
,a,iiHaTa)  h  AByx  o6bihhob6hhbix  ^iKpcjDepeHpiiajiBHBix  ypaBHeHiiii  (tok  h  iianpHJxeHiie  bo  BHemHeii  pemi). 

Mo^ejiB  OTpaxaeT  ocHOBHBie  4»i3HHecxne  npopeccui,  npoTexaiomne  b  AIHIA  HOHH3aii,Hio  njia3MBi,  a6ji5m,iuo 
pa6onero  BeipecTBa  h  (popMiipoBaHiie  njiasMeHHoro  crycTxa,  pasroH  njia3MBi  no,a,  .neiiCTBiieM  ojiexTpoMarHiiTHBix 
h  ra30,a,i'iHaMiiHecKiix  chji,  H3JiyHemie  njia3MBi  h  ^pyrne.  Mo,n,ejiB  no3BOJuieT  nojiynaTB  pacnpe,n,ejieHiiH  njiOT- 
hoctii,  TeMnepaTypBi,  ,n,aB.iieHH5i,  CTenemi  iiOHH3an,Hii  njia3MBi,  cxopocTii  ee  ^BiiJxeHiiii,  Toxa  b  njia3Me  b,h,ojib 
npo,a,ojiBHOH  och  xaHajia  ycxopiiTejia  h  npocjie^HTB  hx  H3MeHeHiie  bo  BpeMemi.  Ona  no3BOJuieT  nojiyniiTB  Tax- 
>xe  HHTerpajiBHBie  napaMeTpBi  AI4ITA  Taxue,  xax  e,a,nHHHHBiii  HMnyjiBC  Turn,  pacxo,u,  pabonero  BeipecTBa  3a 
HMnyjiBC,  y^ejiBHBiii  HMnyjiBC  h  ^pynie. 

IIpe^i,jio>xeHa  HOBan  6a30Baa  imeojioriiH  HiicjieHHoro  penieHiia  ypaBHeHiiii  MO^ejin  h,  cooTBeTCTBemio,  npe,n,- 
jioxeH  coBepmeHHO  hobbiii  HiicjieHHBiii  MeTO,n,.  OcHOBy  hoboii  i-meojiornn  HiicjieHHoro  pemeHiia  cocTaBjiaeT  to, 
hto  pasHOCTHyio  cxeMy  npe^jiaraeTca  ctpohtb  He  b  9i"uiepoBoii,  a  b  JIarpaHJxeBoii  cucTeMe  xoop^iiHaT.  B 
pe3yjiBTaTe  y3JiBi  ceTxn  no  npocTpaHCTBeHiioii  nepeMemioii  CBH3aHBi  c  ^BuncymuMHca  HacTiipaMH,  h  ceTxa  y^e- 
(popMiipyeTca  b  npopecce  ^Buxcemia  Hsy'iaeMoil  cpe^Bi  (njia3MBi).  Hiicjio  y3JiOB  MoaceT  rn6xo  ii3MeHaTBca  bo 
BpeMeHii  b  npopecce  pacneTa.  O^hiim  ii3  npeiiMyipecTB  Taxoro  no,ipco^i,a  aBjiaeTca  to,  hto  b  h6m  npocTO  h 
ecTecTBeHHO  yniiTBiBaiOTca  ycjiOBiia  Ha  no^BioxHOii  rpaHiipe  njiasMemioro  crycTxa,  o6pam,eHHOii  x  OTxpBiTOMy 
xoHpy  xaHajia  ycxopeHiia.  KpoMe  toto,  MHorne  ypaBHemia  MO^ejin  BBirjiH,n,HT  npoipe  h  ecTecTBeHHee  b  Taxoii 
cxeMe  pemeHiia. 

CpaBHeHiie  pe3yjiBTaTOB  pacneTOB  c  pe3yjiBTaTaMii  4)ii3iiHecxoro  sxcnepiiMeHTa  Ha  jia6opaTopHBix  AI4I1A 
noxa3BiBaeT,  hto  MO,a,ejiB  ^ocTaTOHHO  xoporno  OTpaacaeT  uccjie^yeMBie  npopeccxi. 


One-Dimensional  Physical-Mathematical  Model  of  Plasma  Flow 
Acceleration  in  an  Ablation  Impulse  Plasma  Engine 

Popov  G.A.,  Khrustalev  M.M. 

State  Institute  of  Applied  Mechanics  and  Electrodynamics,  Moscow,  Russia 

A  non-stationary  model  of  plasma  flow  in  an  ablation  impulse  plasma  engine  is  proposed.  The  model  takes 
into  account  plasma  ionization,  ablation  of  working  material,  plasma  acceleration  and  radiation,  etc.  It  allows 
to  obtain  density,  temperature  and  pressure  distributions,  ionization  degree,  plasma  velocity  and  study  their 
variation  in  time.  Some  integral  engine  parameters  can  also  be  found.  Comparison  with  experimental  measure¬ 
ments  is  performed  for  the  model  validation. 
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PEIHEHHE  ABYMEPHOn  CTOXACTHHECKOH  3AAAHH  nOJI3yHECTH 

B  nOJIflPHbIX  koopahhatax 

IIonoB  H.H.,  McyTKHHa  B.H. 

CaMapcKuu  socydapcmeemtuu  mexHunecKuil  ynueepcumem,  Poccuh 

Ilccjie^OBaHiie  Hanpa>KeHHO-1ii,e4)opMiipoBaHHoro  coctohhiih  ajieMeHTOB  KOHCTpyKipiii,  pa6oTaK>m,iix  b  ycjiOBiisix 
noji3yHecTii,  Ha  ocHOBe  pernem-isi  KpaeBoii  salami  b  CTOxacTiiuecKOii  nocTaHOBKe  HBjuieTCH  .gocTaTOHHO  cjiovkhoh 
3a,n,aHei1.  IIosTOMy  aHajiiiTHuecKiie  mcto^bi  penieHira  CTOxacTi-inecKi-ix  3a^,au  nojisyuecni  b  ochobhom  pa3pa6o- 
TaHBi  b  cjiyuae  o,a,Hopo,ii,Horo  Hanpaxceimoro  h  flecjropMiipoBaHHoro  coctohhhii  iiccjie^yeMoii  cpe^Bi. 

B  ,n,aHHOH  pa6oTe  paccMaTpiiBaeTCH  4»i3iiHecKii  h  CTaTHCTHuecKH  HejiiiHeimaji  3a^,aua  ycTaHOBi-iBineilcH  noji- 
3ynecTH  pjisl  tojictoctchhoh  Tpy6ni,  Haxo^,Hiu,eiicH  no,n,  ^.eiiCTBiieM  BHyTpeimero  ^aBjieHiiH.  3a,n,aHa  paccMaTpu- 
BaeTCH  b  nojiapHBix  KOop/pmaTax  pjm  cjiyuaa  njiocKoro  pecJiopMHpoBaHHoro  coctohhiih. 

KpaeBaa  sapaua  3a,n,aeTCJi  ypaBHemisiMH  paBHOBecira  pyra  HanpuHceHiiii  ar,  a^,  Trip: 

dar  1  drrip  ay  -  <jv  _  dTrcp  1  dav  2 Trip  _ 

~r\  '  7\  I  o  '  o  ' 

or  r  0(f  r  or  r  otp  r 

ypaBHeHiieM  coBMecTHOCTii  pecjropMaipiH: 

d2e v  1  d2er  _  dsr  _  2d2srip  2  der ^  % 

dr 2  r  d(p2  dr  dr  drdip  r  dtp 

onpe,n,ejiaK)ii],HMH  cooTHomemiHMH  noji3yHecTH,  KOToptie  npnHHMaiOTCH  b  cooTBeTCTBnn  c  HejiHHeiiHon  Teopneii 
BH3KOrO  TCH6HHH  B  CTOXaCTHHeCKOH  (J)OpMe 

ev  =  -e<p  =  ^sn_1(°V  -  oy)(  1  +  all),  irv>  =  csn~1Trv,(  1  +  aU), 
n  rpaHHHHBiMH  ycjiOBHHMn  ^jih  HanpaHceHnii  Ha  BHyTpeHHeM  h  BHeniHeM  pa^nycax 

ar(a,  p)  =  -q,  ar(b,  p)  =  Trip(a,  p)  =  Trv(b,  p)  =  0. 

3,a,ecB  s2  =  |(ay,  —  ay)2  +  4 r2^  —  iiHTeHCiiBHOCTB  HanpjDKeHHfi;  q  —  BHyTpeHiiee  paBjiemie,  cun  nocTOHH- 
HBie  MaTepnajia.  C  noMOipBio  cjiyuaiiHOH  opHopopHoii  (JjyHKHHH  U ( r ,  p)  oniiCBiBaiOTCJi  peojioriiHecKiie  CBoiicTBa 
MaTepnajia,  a  hiicjio  a  (0  <  a  <  1)  i-irpaeT  pojiB  K034xJ>im,iieHTa  Bapiiaipin  sthx  cbohctb. 

IIpoH3BO,ii,HTCH  CTaTHCTHHecKaa  jiriHeapri3au,riH  KOMnoHeHT  HanpaxceHiiii  h  pecjropMaipiH  no  MajiOMy  napa- 
MeTpy  a: 

<*ij  =  4  +  a(JiV  =  4’  (4)  =  °> 

=  4  +  ae*iv  (£a)  =  4>  (4)  =  °- 

C  pejinio  (.})H3H'iecKOH  jnineapiisapiiH  (JjyHKpiiH  s™-1  pa3JiaraeTCH  b  CTenemioii  pH,a,  h  b  stom  pa3Jio»ceHiiii  ynn- 
TBiBaiOTCH  tojibko  jii-iHCHHBie  HjieHBi.  B  HTore  nojiynaeTCH  jiiiHeapii30BaHHaH  3a^,ana  ,hjih  KOMnoHeHT  TeH3opa 
cjjjiyKTyapnii  HanpHncemiii,  npe,a,CTaBjiHiom,a!i  co6oi"i  cucTeMy  H3  Tpex  ^iKjjcjjepeHpuajiBHBix  ypaBHemiii  c  nacT- 
hbimh  npoH3BO,a,HBiMH.  IlojiyHeHHaH  CHCTeMa  npn  noMom,n  nepexo,n,a  k  cjDyHKpiii-i  HanpanceHiiH  F  h  cooTHomeHiifi 

„  _ldF  1  &2F  „  _  d2F  *  _  1  dF  _  1  d2F 

r  r  dr  r2  dp 2  ’  v  dr 2  ’  r'p  r2  dp  r  drdp 

CBe,a,eHa  k  o,a,HOMy  ^iicJjcjDepeHpHajiBHOMy  ypaBHemno,  pememie  KOToporo  npe,a,CTaBjieHO  b  Bime  pa,ii,a. 

Haii,ii,eHBi  MaTeMaTiinecKiie  onai^aHiiH  h  ,a,Hcnepciiii  cjiynafraoro  nojia  HanpanceHiiii.  IIpoBefleHO  uccjie^OBa- 
Hne  ii  aHajiii3  bjii-ihhiih  napaMeTpoB  peojioninecKoii  MO,a,ejiii,  CTenemi  neo^Hopo^HOCTii  MaTepiiajia  Ha  CTaTiiCTii- 
necKiie  opeHKii  cjiynaiiHoro  nojia  iianpHxeHiiii. 


The  Solution  of  Two-Dimensional  Stochastic  Creep  Problem  in  Polar  Coordinates 

Popov  N.N.,  Isutkina  V.N. 

Samara  State  Technical  University,  Russia 

The  analytical  method  of  the  flat  nonlinear  problem’s  solution  of  the  established  creep  with  stochastically  non- 
uniform  properties  of  a  material  is  developed.  Investigation  of  a  casual  pressure  field  depending  on  a  degree  of 
heterogeneity  and  a  parameter  of  nonlinearity  of  a  material  is  carried  out. 
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MATEMATHHECKAH  MO^EJlb  PEJTAKCAIJHH  OCTATOHHbIX 
HAIIPHXEHHH  B  ynPOHHEHHOM  CJIOE  3J1EMEHTOB 
KOHCTPYKItHH  B  YCJIOBHHX  nOJI3YHECTH 

Pa^HeHKo  B.II.,  CayniKHH  M.H. 

CaMapcKuu  zocydapcmeeHHuu  mexHUHecKuu  ynueepcumem,  Poccuh 

0/3,hi-im  H3  cnoco6oB  noBbimeHHH  flOjiroBeuHOCTH  MHon-ix  H3,n,ejiHH  hbjijhotch  pa3jniHHBie  MeTO,a,Bi  ynpouHemiH 
ajieMeHTOB  KOHCTpyKpHH  noBepxHOCTHBiM  njiacTHnecKHM  ,n,e4)opMi-ipoBaHi-ieM.  Ilpii  3tom  noBBimeHiie  conpoTHB- 
jiemiH  ycTajiocTi-i  o6ycjiOBjieHO  rjiaBHBiM  o6pasoM  c >k  h m a fo i uh m h  ocTaTOHHBiMH  h a n p m  >xe h  h m m  h  b  noBepxHOCT- 
hom  cjioe. 

B  npopecce  SKcnjiyaTauyiH  npn  bbicokiix  TeMnepaTypax  h  h a j t h t i h h  HBjiemiH  nojisyuecTii  (pa3BHTHH  ,a,e4)op- 
ManHH  bo  BpeMem-i)  npoiicxo,a,HT  pejiaKcapua  ocTaTOHHBix  HanpjDKeHHH  —  yMeHBineHiie  c  >k  h  m  a  jo  r  an  x  Hanpaace- 
hhh  no  MO^yjiro  Ha  (J>OHe  peojiornnecKoro  ,n,e4)opMHpoBaHHH  caMofi  KOHCTpyKipni. 

CnepiicjjiiKa  pemaeMoii  3a^3,auH  3aKjiK>naeTCH  b  tom,  hto  Heo6xo^iiMO  y  hi-itbib aTB  cj.)H3H'iecKH  HejniHeiiHBie 
cooTHomeHiia  .zyui  MaTepnajia,  nejiiiHeiiHOCTB  caMiix  xpaeBBix  3a^an,  a  TaK»ce  peojiornnecKiie  ^ecfopManuu 
(^ecjDopMapnn  noji3ynecTii) ,  KOTopnie  pa3BHBaiOTCH  bo  BpeMemi  ,a,a>Ke  npn  hoctohhhbix  HanpHxeHiiHx. 

B  pa6oTe  npe^yioxceHa  MaTeMaTiinecKaa  MO^ejiB  pejiaKcapnn  ocTaTOHHBix  HanpjDKeHHH  b  noBepxHOCTHO 
ynponHeHHOM  cjioe  sjieMeHTOB  KOHCTpyKuyiii,  HaBe^eHHBix  mcto^om  noBepxHOCTHoro  njiacTiinecKoro  ^ecJjopMii- 
poBaHHH,  b  ycjiOBHHx  noji3ynecTH  Bceii  KOHCTpyKipin,  KOTopaa  ocHOBaHa  Ha  MeTO^e  j i^e kom  1 103  h  uh  h  KOHCTpyKipn-i 
h  CKjiefiKH  pememiH  HejnmeimBix  xpaeBBix  3a^,an. 

Ha  ocHOBaHi-iri  ypaBHemiH  paBHOBeciia,  cobmccthocth  flecjDopMapiiii  h  rnnoTe3Bi  njiacTHnecKoii  HeoKHMae- 
mocth  pa3pa6oTaHa  MeTO^iixa  BOCCTaHOBjieHira  nanajiBHoro  HanpHnceHHO-^ecjDopMHpoBaHHoro  coctohhiih  b  no- 
BepxHOCTHO  ynpoHHeiinoM  cjioe  no  o,h,hoh  H3  SKcnepiiMeHTajiBHO  3aMepeHHBix  komhohcht  TeH3opa  ocTaTOHHBix 
HanpanceHiiH.  H3BecTHO,  hto  Taxi-ie  ocTaTOHHBie  HanpaxemiH  npomiKaiOT  Ha  He6ojiBmyro  rjiy6iiHy  (,n,o  hcckojib- 
ki-ix  coTeH  mhkpoh).  B  ciuiy  3Toro  bbo^htch  ninoTe3a,  hto  nojia  HaBe^eHHBix  ocTaTOHHBix  HanpaxeHHH  He  oxa- 
3BiBaiOT  cym,ecTBeHHoro  bjihhhiih  na  jxcctxoctb  ynpoHHeHHoii  xoHCTpyxpiiH  h  ynpoHHeHHBiii  cjioii  nrpaeT  pojiB 
tohkoh  «njieHKii»,  HaxjieeHHoii  Ha  noBepxHOCTB  sjieMeHTa  xoHCTpyxpiiH  h  ^ecJjopMHpyiomeHCH  b  pejxHMe  <oxecT- 
koto»  HarpyxcemiH  npn  3a^aHHBix  3HaHemiHx  TeH3opa  ^ec^opMapHii  Ha  noBepxHOCTH  sjieMeHTa  xoHCTpyxn,HH. 
nPn  pemeHHH  stoh  3a^,aHii  iicnojiB3yeTCH  SHepreTHHecxiiii  BapnaHT  xHHeTHHecxHx  ypaBHemiii  peojioniHecKoro 
flecjDopMHpoBaHHH  h  pa3pymeHHH  MaTepnajiOB. 

Bo  BTopoii  KpaeBoii  3a^,ane  iiccjieflyeTCH  pejiaxcapiiH  ocTaTOHHBix  HanpjiixeHHH  b  penaiMe  «»cecTxoro»  Ha- 
rpy»ceHHH  npn  3a^aHHBix  ^ecjDopMapiiHx,  KOTopbie  onpe^ejunoTCH  H3  pemeHira  nepBoii  xpaeBoii  3a; tan h. 

PemeHBi  3a^aHH  pejiaxcanyiH  ocTaTOHHBix  HanpjDxeHHft  b  noBepxHOCTHO  ynpoHHeimoM  cjioe  pjm  HexoTopnix 
3JieMeHTOB  KOHCTpy KH,HH ,  B  HaCTHOCTI-I  ,H,HCXOB  C  KpyrOBBIMII  KOHH,eHTpaTOpaMI-I  H  JIOnaTOK  ra30Typ6l-IHHBIX 
^BHraTejieii,  npn  peajiBHBix  ycjiOBHHx  HarpyjxeHira.  Hphbo^htch  pe3yjiBTaTBi  pacneTOB,  BBinojiHeH  nx  aHajni3, 
,H,aHBi  npaxTHHecKHe  pexoMeH^apiiH  no  Ha3HaHeHino  pecypca  npn  KpirrepHHx  OTxa3a  Tuna  BejiriHHHBi  ocTaTon- 
HBIX  HanpjHKeHI-IH  B  nOBepXHOCTHOM  cjioe . 

Pa6oTa  BBinojiHeHa  npn  cjjiraaHCOBoii  noAfl,ep>Ke  POOH  (rpaHT  Y  07-01-00478-a). 


Mathematical  Model  of  a  Relaxation  of  Residual  Stresses  in  a  Superficially 
Hardened  Layer  of  Structures  under  Creep  Conditions 

Radchenko  V.P.,  Saushkin  M.N. 

Samara  State  Technical  University,  Russia 

In  the  paper  the  relaxation  of  the  residual  stresses  in  a  hardened  layer  of  structures  induced  by  a  method  of 
superficially  plastic  deformation  under  creep  conditions  is  studied.  The  procedure  of  restoration  of  the  initial 
stress-strain  state  in  the  superficially  hardened  layer  in  respect  of  one  of  the  measured  components  of  the 
residual  stresses  is  offered.  The  problem  is  divided  into  two  boundary  value  problems.  The  stress-strain  state  of 
the  structure  under  creep  conditions  without  hardened  layer  is  the  solution  of  the  first  boundary  value  problem. 
In  the  second  one  the  relaxation  of  the  residual  stresses  in  a  mode  of  "rigid"  loading  at  deformations,  which 
are  determined  from  the  solution  of  the  first  boundary  value  problem  is  analyzed.  The  number  of  the  problems 
related  to  the  stress  relaxation  in  the  superficially  hardened  layer  for  the  various  structures  is  resolved. 


KJ1ACCHHECKAX  MEXAHHKA 
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BJIMHHE  OTHOIHEHM  MOIIi;HOCTEH  HA  yCTOHHHBOCTb 
CHCTEMbI  "CHHXPOHHblH  TEHEPATOP  — 
CHHXPOHHblH  ABHrATEJIb" 

P 0,3,10 KOB 

CaHKm-nemep6ypscKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

Ana  cocTaBjiemiH  ypaBHeHiiii  sjieKTpoMexaHiiHecKoii  ci-iCTeMBi  ’’ciihxpohhbih  reHepaTop  -  ciiHxpoHiibiii  ,n,Biira- 
Tejit”  iicnojiB30BajiacB  npope^ypa  nojiyueHiia  KoppeKTHbix  ypaBHeHiiii  ajieKTpiiHecKiix  MamiiH  nepeMeiraoro 
TOKa  b  6e3pa3MepHoii  (J>opMe  H3  MOHorpacjmii  [1].  Yroji  noBopoTa  poTopa  cimxpoHHoro  reHepaTopa  cuiiTaeTca 
3a  Haua.no  OTCueTa  Tax  HasbiBaeMoro  yrjia  Harpy3Kii  ci-mxpoHHoro  .gBiiraTena.  3jieKTpiiuecKiie  ypaBHemia  ,n,Byx 
ManiHH  oSte^HHinoTCH  c  noMom,Bio  nepBoro  3aKOHa  Kiipxro(J>a,  HaKjia,a,BiBaioiii,ero  cbh3ii  Ha  cooTBeTCTByiomne 
cjjasHBie  tokh  3thx  ManiHH.  lIocKOJiBKy  b  6e3pa3MepHyio  cjjopMy  nepBoro  3aK0Ha  Kiipxrocjm  bxo,h,ht  OTHOHieime 
MomHOCTeii  reHepaTopa  h  ^BiiraTena,  to  oho  bxo^ht  ii  b  OKOHuaTenbHyio  MaTeMaTiiuecicyio  Modern  HayuaeMoii 
ci-iCTeMBi,  KOTopaa  npe,n,CTaBjiaeT  co6oi“i  Hejnmeimyio  cucTeMy  o6bikhob6hhbix  ^iKjxjDepeHpiiajiBHBix  ypaBHeHiiii 
mecToro  nopa,n,Ka. 

Aanee  uccne.nyeTCH  CTaTiiuecKaa  (jiOKanbHaa)  ycTOiiuiiBOCTb  stoii  Ci-iCTeMBi.  A™  cooTBeTCTByiomeii  jiime- 
apii30BaHH0ii  Ci-iCTeMBi  b  OKpecTHOCTax  nojioJKeHiiii  paBHOBecua  Haxo^iiTca  xapaKTepucTiiuecKoe  ypaBHeiine, 
npe,H,CTaBjiHioiii,ee  co6oi“i  npoiiSBefleHiie  o,a,HOHjieHa  Ha  nojniHOM  naToro  nopa,a,Ka.  A™  naxonynpHiia  ycjiOBiiii 
ycToiiHHBOCTii  iicnojiB3yeTca  TeopeMa  rypBiipa.  Heo6xo,n,iiMoe  ycjiOBiie  ycToiiHHBOCTii  no  Heii  npiiBO^iiT  k  bbi- 
BO^y,  hto  onTHMaaBHBiM  3HaneHiieM  ,a,jia  KOScjjcjjimiieHTa  mohi,hocth  aBjiaeTca  3HaueHiie  K03(J>4Hiii,HeHTa  sjieic- 
TpoMarHiiTHoro  pacceaHiia.  riocneypiee  ace  .zpia  ii3yuaeMbix  ciraxpoHHbix  ManiHH  paBHO  0.19. 

ITpn  Haii^eHHOM  onTiiMajiBHOM  K03cj3cj3Hii,HeHTe  MOHI.HOCTH  H3ynaiOTca  ^ocTaTOHHBie  ycjiOBiia  ycToiiHHBOCTii 
ci-iCTeMBi  ii  Haxo^aTca  ycjiOBiia,  HaKjia,n,biBaeMbie  Ha  mombht  Harpy3Kii  Ha  Baay  ci-mxpoHHoro  ^BiiraTena,  npn 
KOTopbix  cucTeMa  He  TepaeT  ycToiiHHBOCTii. 

PaboTa  BbinojiHeHa  npn  cjamaHCOBOii  no,zmep:>KKe  PoccuiicKoro  (JjOH^a  cjjyH^aMeHTajibHbix  uccjie^OBaHiiii, 
rpaHT  N2  05-08-65484-a. 

JlHTepaiypa 

[1]  PofliOKOB  ®.0.  MaTeMaTHaecKaa  Moment  6ojibmoii  sjieKTposHepreTHHecKOii  cucTeMbi.  -  CI16.:  H3^-bo  C.-IleTep6. 
yH-Ta,  2006.  -  153  c. 


Influence  of  the  Power’s  Relations  on  the  Stability  of  a  System 
’’Synchronous  Generator  —  Synchronous  Motor’’ 

Rodyukov  F.F. 

Saint  Petersburg  State  University,  Russia 


The  correct  mathematical  model  of  the  electropower  system  "synchronous  generator  -  synchronous  motor"  is 
constructed.  The  conditions  of  its  local  stability  are  obtained. 
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HCCJIEAOBAHHE  OCOEEHHOCTEn  CTPYKTyPbl  HEJIHHEHHblX 
KOJIEEAHHH  B  3AAAHAX  TEOPHH  KOPAEM 

Ph6kob  M.E. 

IfHHH  um.  anad.  A.H.  KpuAoea,  CanKm-IJemepSype,  Poccuh 

flpopecc  onTHMH3an,HH  xo,n,OBbix  h  Mopexo,n,HBix  KauecTB  cygOB  npoxo,n,HT  3Tan  MO^ejinpoBam-iH  Typ6yjieHTHBix 
h  bojihobbix  B03Myin,eHiiii  HejiHHeiiHBix  ,zi,HHaMHHecKHx  ciiCTeM.  IIpoBe^eHiie  SKcnepiiMeHTa  perjiaMeHTiipyeTCH 
TeopeTHnecKHMH  MeTOflHKaMH.  Tpe6oBaHiiH  npaKTHKii,  coBpeMeHHBie  cpe^CTBa  SKcnepiiMeHTa  h  MeTO^iiuecKiie 
pa3pa6oTKi-i  co3^,ajiii  ycjiOBiia,  no3BOJiHK>miie  pernaTB  salami  HejiHHeftHoft  i  n/ ipo/|HHaM hkh  Ha  KauecTBemio 
hobom  ypoBHe. 

HanpiiMep,  npn  uccjre/iOBaHHH  KauKii  MO,n,ejieii  Ha  peryjiapHOM  BOJiHemiii  odHapyxceHO,  hto  nopMiipoBaH- 
HBie  K03(J)4)HH,HeHTBi  pjma  thypne  ^jih  nepeMem,eHHH  3aBHCHT  ot  aMnjiiiTygBi  B03Mym,eHHH.  Cne^OBaTejiBHO, 
ajiBTepHaTHBBi  pasjioJKeHHK)  no  ,n,ByM  napaMeTpaM  HeT,  h  pememie  ypaBHemisi  /|bh>k6hhm  / h aM h ( i ec ko h  ch- 
CTeMBi  npn  rapMOHiinecKOM  B03Mym,eHiin  Heo6xo,n,HMO  iiCKaTB  b  Bime  .gBoimoro  pH,n,a  OypBe-MaKjiopeHa.  POM 
o6ecnenHBaeT  3a,n,aHHyio  tohhoctb  onpe,n,e.jieHHH  ^Hcnepciioimo-HacTOTHBix  3aBHCHMOCTeft,  j i h h e h h bi m  npnSjiH- 
>K6HH6M  KOTOpBIX  HBJIHeTCH  Tpa/3,HH,HOHHaH  aMnjIHTyH,HO-HaCTOTHa5I  XapaKTepHCTHKa  CI-ICTeMBI.  OlIKCIipOBaHHaH 
HanajiBHaa  dpasa,  B03Mym,eHHH  cooTBeTCTByeT  b  POM  ^eTepMiiHiipoBaHHBiM  TpaeKTopiiHM  .gBicKeHiiH  cucTeMBi. 
OjiyKTyapiiH  <J>a3Bi  BBi3BiBaeT  xaoc  h,  b  cootb6tctbhh  c  peHTpajiBHOii  npe^ejiBHOii  TeopeMoii  JlanyHOBa,  nepe- 
xo,n,  k  HopMajiBHOMy  coctohhiiio  npn  nojiHOM  pa3pymeHini  KorepeHTHoii  CTpyKTypBi  KOJie6aHHi"i.  Bo3mo>khocth 
POM  npn  cjiyuaimoM  B03Mym,eHiiii  ne  MoryT  6bitb  nojiHOCTBio  peajni30BaHBi  b  paMKax  jiimeimBix  MeTO,n,OB 
Tpa,n,HH,HOHHoro  cneKTpajiBHoro  aHajni3a  6ecKOHeuHO  MajiBix  BejiH'iHH.  Heo6xo,n,HM  nepexo,n,  k  BepoHTHOCTHBiM 
MeTO,n,aM,  nocTpoeHHBiM  Ha  ocHOBe  ^.ByMepHBix  cjiyHKHHH  pacnpe,n,ejieHHH  KOHeuHBix  SHaneHHH  pa3MaxoB  h  ,h,jihh 
bojih  KOJie6aHHi"i.  «0ni6aiOHi,aH»,  cjropM ajni30B aHH an  c  noMOin,Bio  aHajiHTHuecKoro  curHajia  Pa6opa  i-i  npeo6pa30- 
BaHna  ri-uiB6epTa,  coxpaHHeT  (f>a30Byio  nncjDopMapHio  o  CTenemi  paapyrneHiiH  opram-i30BaHHBix  CTpyKTyp.  Ot- 
BeTHaa  peaKpua  / 1  h  h  a  m  h  t  i  ec  ko  h  cucTeMBi  Ha  cjiyuaimoe  B03Mym,eHHe  nojiyueHa  c  noMOin,Bio  cjmpMyjiBi  nojiHOii 
BepoHTHOCTH.  rtpiiMeHeHiie  cneKTpa  «BHemHei"i  CTpyKTypbi»  ,n,aeT  bo3mo>khoctb  pacnpocTpamiTB  o6o6m,eHHyio 
TeopeMy  Xi-mui-ma  Ha  HejiHHeiiHBie  cucTeMBi.  BBe^eHiie  b  aHajni3  y-pacnpe^ejieHiia  napaMeTpoB  nopMajiBHoro 
npopecca  ,n,aeT  npe^ejiBHBiii  nepexo,a,  ot  cneKTpa  «BHemHeii  CTpyKTypbi»  k  y-cneKTpy.  Cobm6cthbih  aHajni3 
Tpex  cneKTpoB:  Oypne,  «BHemneH  CTpyKTypBi»  h  HopMajiBHoro  y-cneKTpa  ,n,aeT  nojiHoe  npe^CTaBjieHiie  o  Te- 
Kym,eii  CTa,a,HH  nepexo.ga  k  npe,n,ejiBHOMy  CTaTHCTimecKOMy  coctohhhio.  KpiiTepiiH  uncjia  CTeneHeii  cbo6o,h,bi  b 
X-pacnpe,a,ejieHHH  ,n,aeT  bo3mo>khoctb  BBmejieHira  OT,a,ejiBHBix  komhohcht  H3  cjiynaiiHBix  npoqeccoB,  HMeionpix 
cjioacHyio  CTpyKTypy.  CTeneHB  HejniHeiiHOCTH  Kaac^oii  komhohchtbi  onpe^ejiaeTca  c  noMOin,Bio  £-(J>yHKH,HH  Ph- 
MaHa,  3aBHcam,eH  ot  nucjia  CTeneHeii  cbo6o,h,bi  KOJie6aHHi"i.  ripiiMeHeHiie  x^pacnpe^ejieHiia  pernaeT  ocHOBHBie 
npo6jieMBi  Typ6yjieHTHOCTH.  IIorpaHHHHBiH  cjioii  HMeeT  ,a,ByxcjiOHHyK>  CTpyKTypy  HanajiBHoro  B03Mym,eHiia  no- 
TOKa  bojihobbimh  CHCTeMaMii  c  pasHBiM  hhcjiom  CTeneHeii  cbo6o,h,bi  h  ,a,Be  KOMnoHeHTBi  cneKTpa  b  npe,a,ejiBHOM 
crraT hct h  ' lec ko m  coctohhhh.  06HapyaceHa  CBa3B  CTpyKTypBi  o6o6iii,eHHoro  cneKTpa  MopcKoro  BOJiHemia  co  cneK- 
TpoM  aTMOC(J)epHOH  Typ6yjieHTHOCTH.  ITpiiMep  pacneTa  KanKii  cy,a,Ha  c^ejiaH  na  ocHOBe  yHiiKajiBHBix  ,a,aHHBix, 
nojiyneHHBix  H.II.  ,Hio6omhpobbim  b  ohbitobom  6accei“rae  I^APH  h  b  otkpbitom  BO,a,oeMe.  Pe3yjiBTaTBi  onniTa, 
npoBe^emioro  c  caMOxo,a,HOH  KpynHOMaciHTa6Hoii  MO,a,ejiBio  b  1955r.,  npe^CTaBjieHBi  b  bh/ic  KoppejiapnoHHBix 
Ta6aiiH,.  YcTaHOBjieHO,  hto  yneT  KorepeHTHBix  CTpyKTyp  b  bctpobom  BOJiHeHim  HMeeT  He  MeHBinee  SHa'ieHiie, 
neM  HejiiiHeiiHOCTB  xapaKTepncTHK  / 1  h  h  aM  h  '  i  ec  ko  h  chctcmbi.  B  pe3yjiBTaTe  HCCJie^OBaHiia  KOMnjieKCHoii  npo6jie- 
mbi  «Typ6yjieHTHOCTB  —  BOJiHeHiie  —  KanKa»  pa3pa6oTaHa  cucTeMa  mcto^ob,  no3BOJiaioiii,aa  pernaTB  ocHOBHBie 
salami  BepoHTHOCTHoro  aHajni3a  HejiHHefiHBix  KOJie6aHHii. 


Analysis  of  Structure  Singularities  of  Nonlinear  Oscillations 
in  Some  Problems  of  Ship  Theory 
Ryabkov  M.E. 

Krylov  Central  Scientific  Research  Institute,  Saint  Petersburg,  Russia 

Method  of  double  Fourier-Maclourains  series  allows  to  find  asymptotic  solution  of  general  non-linear  differential 
equation  of  motion  with  a  necessary  degree  of  accuracy.  A  special  feature  of  the  solution  is  dependence  of  the 
power-frequent  characteristics  of  a  dynamic  system  on  an  initial  phase  of  disturbance.  Regular  and  completely 
determined  system  of  non-linear  waves  converts  into  stationary  random  process  through  a  mode  of  phase  chaos. 
The  power  spectrum  of  a  normal  or  Gaussian  random  process  follows  directly  from  chi-distribution  for  current 
peak-to-peak  values  of  the  vibrations.  The  two-dimensional  distribution  function  of  disturbance  parameters 
is  used  into  total  probability  formula  generalizing  Khintchine  theorem  to  nonlinear  dynamic  systems.  The 
calculation  results  are  correlated  with  the  experimental  data. 
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O  ^BH>KEHHH  MEXAHHHECKOH  CHCTEMbI  IIEPEMEHHOH 
MACCbl  C  HEHAEAJIbHblMH  CBS3aMH 

CHflHKOB  M.H. 

Hav^uonaAbHuu  ynueepcumem  V 36eKucmana,  TamKenm 

PaccMaTpiiBaeTCH  MexaHiiuecKan  cucTeMa  c  ycjiOBHBiMii  (cepBOCBH3HMii)  cbh3hmii,  ynpaBjiernie  ^BrnKeriiieM  ko- 
Topoii  ocymecTBjiaeTCH  peaKTHBHBiMii  cnjiaMH,  Tasxe  onpe^ejiaeTCH  3aKOH  H3MeHeHHM  MaccBi  ciiCTeMBi,  o6ecne- 
uiiBaiomiiH  peajii'i3au,iiio  ycjiOBHBix  CBH3eri,  iipu  stom  B03M0>KHBie  OTKjiOHemiH  ot  cepBOCBH3eii  He  yuiiTBiBaiOTCJi. 

06m,aa  Teopiia  ^BiiiKeHiDi  chctcm  c  Hen^eajiBHBiMii  cbh3hmii  npiiMeHiiTejiBHO  k  3a,a,aHaM  c  TpemieM,  ocho- 
BaHHaa  IT.  IleHjieBe  [1],  6buia  i-icnojiB30BaHa  b  pa6oTax  A.F.  A3ii30Ba  [2]  h  H.T.  AnBixTima  [3]  rjisi  cocTaBjieHiia 
ypaBHeHiiii  ^BiiiKeHHii  HeKOTopnix  ynpaBjiaeMBix  MexaHiinecKiix  cucTeM.  B  OTjniune  ot  [3],  iyi,e  3aKOHBi  ii3Me- 
HeHiia  Macc  nanepe,a,  H3BecTHBi,  a  Bee  cbh3ii  ocymecTBjimoTCH  peaKTHBHBiMii  ciuiaMii  h  tohho  bbihojihjiiotch 
b  Teneniie  Bcero  BpeMemi  ^BiiHceHiia,  b  pa6oTe  A.T.  A3ii30Ba  paccMOTpen  6ojiee  obnpm  cjiyuaft,  KOiyi,a  uacTB 
CBH3eii  ocym,ecTBjiaeTca  peaKTHBHBiMii  cnjiaMH,  a  3aKOHBi  H3MeHeHiia  Macc  Haxo,a,HTCH  H3  ^ncjjcjDepeHpHajiBHBix 
ypaBHeHiiii,  npucoe^iiHaeMBix  k  ypaBHeHiiHM  ^BiiHceHiia  CiiCTeMBi.  O/ipaKO  b  stiix  o6hi,iix  Teopnax  cbh3ii  nep- 
boto  po^a  CHiiTaiOTCH  imeajiBHBiMii,  a  cbh3h  BToporo  po^a  HeimeajiBHBiMii. 

IlHTepeceH  6ojiee  06111,1111  cjiyuaii,  Kor^a  uacTB  CBH3eii  nepBoro  po^a  hbjijuotch  HeimeajiBHBiMii,  a  HeimeajiB- 
HBie  CBH3H  BToporo  po^a  peajiii3yiOTCH  peaKTHBHBiMii  cnjiaMH  h  kslk  b  [2]  Haxo^HTca  h3  ,n,ii4xJ>epeHii,iiajiBHBix 
ypaBHeHiiii,  npiicoeypiHJieMBix  k  ypaBHemiHM  ^BiuKeHiia. 

C  noMOipBio  MeTO^a  KOM6iiHiipoBaHiia  CBa3eii  nojiyHeHBi  ypaBHeHiia  ^BiuKeHiia  ynpaBjiaeMoii  MexaHiiue- 
CKoii  ciiCTeMBi  b  Bime  ypaBHeHiiii  Annejia  c  npiicoe,zi,HHeHiieM  KHHeMaTHuecKHx  cooTHomeHiiii  b  ciuiy  HajiiiHiia 
^iKjicjiepeHpiiajiBHBix  CBa3eii  h  ypaBHeHiiii  ^,jia  onpe^ejieHiia  3aKOHOB  H3MeHeHiia  Macc. 

B  KaaecTBe  npiiMepa  paccMOTpeHa  3a^,aaa  IleHjieBe  c  ^onojiHeHiieM  chctcmbi  h3  ,n,Byx  Marrep  uaj i b h bi x  tohck, 
coe^iiHeHHBix  Mexygy  co6oii  CTepiKHeM  (o^Ha  113  TOueK  ^BiiaceTca  no  ropii30HTajiBHoii  mepoxoBaToii  npaMOil), 
KOJienKOM  nepeMeHHoii  Maccni,  ^BiuKymiiMCH  no  CTepnoiio. 

Tpe6yeTca  onpe^ejniTB  3aKOH  ^BiuKeHiia  KOJieuKa  h  H3MeHeiine  Maccni,  hto6bi  BTopaa  TOHKa  coBepmajia 
KOJie6aTejiBHoe  ^BiuKeime  BOKpyr  nepBoii  c  nocToaiiHoii  uacTOTOii. 

JlHTepaiypa 

[1]  EfeHjieBe  II.  JleKpiiH  o  Tperom.  M.:  FocTexiraflaT,  1954.  316  CTp. 

[2]  A31130B  AT.  O  flBHJKeHim  oflHoii  ynpaBjiaeMoii  cncTeMbi  nepeMeHHoii  Maccti.  -I1MM.  1986,  t.  50,  Bbin.  4,  c.  567-572. 

[3]  AntixTHHa  H.R,  Akobjicb  B.O.  O  flBHiKeHHH  flHHaMinecKii  ynpaBjiaeMbix  chctcm  c  nepeMeHHbiMii  MaccaMii.  -IIMM, 
1980,  t.  44,  Bbin.  3,  c.  427-433. 


On  the  Motion  of  a  Variable  Mass  Mechanical  System  with  Non-Ideal  Constraints 

Sidikov  M.N. 

National  University  of  Uzbekistan 


Mechanical  systems  with  conditional  constraints  are  considered;  motion  control  is  realized  by  reactive  forces; 
mass  variation  law  is  determined.  Using  the  method  of  constraints  combining,  the  motion  equation  of  a  controlled 
mechanical  system  is  obtained  in  the  form  of  Appel  equations.  Penleve  problem  is  studied  as  an  example. 
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OBOBUIEHHE  IIOHHTM  H^EAJTbHOH  CBH3H  RJISL 
3JIEKTPOMEXAHHHECKHX  CHCTEM 

Tsepen  K.K. 

CaHKm.-nemep6yp2CKUu  gocydapcmeennuu  ynueepcumem,  Poccuh 

ripii  cocTaBjieHiin  ypaBHeHiiii  sjieKTpoMexaHiiHecKoii  CiiCTeMBi  npiiMeHneTCJi  o6o6iu,eHiie  iiohhtiih  imeajibHoii 
CBM3H,  pacnpocTpaHHiomee  3aKOH  coxpaHeHiin  9 h ep rn h  Ha  HerojiOHOMHBie  h  necTauyiOHapHbie  cbh3ii.  IIpii  9tom 
peaxpiiH  CBH3H  o,a,H03HaHHO  onpe^ejiaeTCH  ypaBHemieM  cbh3h  ii  naxo,a,HTCH  xax  MimiiMajibHO  Heo6xo7iiMaH  .zyra 
BBinOJIHeHIIH  CBH3II  COBMeCTHO  C  3aKOHOM  COXpaHeHIIH  9HepriIH. 

Ajih  cocTaBjieHHH  ypaBHeHiiii  9jieKTpo9HepreTHHecKoii  chctcmbi  npiiMeHneTCH  imeajni3aii,HJi  pn,n,a  noTpe6iiTe- 
jieii  c  noMom,Bio  imeajibHbix  CBH3ei"i  [1] .  9to  no3BOJiaeT  c^ejiaTB  bbibo,h,bi  o6  OTpupaTejiBHOM  ^iicjDcjDepeHpHajiBHOM 
COnpOTHBJieHIIII  II  aHajII'I3I'ipOBaTB  HX  BJIHUHIie  Ha  yCTOHHHBOCTb  CIICTeMBI. 

^ajiBHeiimee  o6o6iu,eHiie  noHsmin  i-meajiBHoii  cbh3ii  pacnpocTpaHneT  ero  Ha  n-i6pi-mHBie  cbh3h.  HanpiiMep, 
rjisi  cocTaBjieHHH  ypaBHeHiiii  9jieKTpo,n,BiiraTe.ji5i  6e3  paccenHiin  npiiMeHHiOTCJi  imeajiBHbie  cbh3ii: 

/i  =  cos(7)  +  ^sB  sin (7)  -  Tra  =  0,  (1) 

fi  =  ~^SA  sin (7)  +  <SfsB  cos (7)  -  Afrb  =  0. 

Otmcthm,  hto  b  CBH3H  (1)  Hapimy  c  KOop^iiHaTOH  7  bxo,h,jit  noTOKOcpenjieHHH  T,  cjiyjKam,He  HMnyjibcaMii 
,zyiH  ajieKTpi-iHecKHx  KOop^imaT  —  3apH,ii,OB  h  sjieKTpiiHecKiix  CKopocTeii  —  tokob.  /fun  thrhx  CBH3eii  peax- 
h,hh  no  pa3Hopo,H,HbiM  nepeMeHHbiM  He  o6n3aHbi  6bitb  07  h  h  a  ko  b  bi  m  h  .  Pa3jniHHbiMH  cnoco6aMii  (paccMaTpiiBan 
BiipTyanbHyio  paboTy,  ncnojib3yH  3aKOH  coxpaHeHira  SHepram  hjih  3aniicbiBaH  raMHjibTOiniaH  CTecHeimoii  ch- 
CTeMbi  b  Bii^e  H  =  Hfree  —  A/)  mojkho  noKa3aTb,  hto  b  ypaBHeHiiii  7Jin  CKopocTeii  ^ojhkhbi  bohtii  cjiaraeMbie 

BI'Wa 

PaSoTa  BbinojiHeHa  npn  cjniHaHCOBoii  no,imepyKKe  PoccuiicKoro  (J>OH7a  cjjyH^aMeHTajibHbix  iiccjie^OBaHHii, 
rpaHT  N2  05-08-65484-a. 

JlHTepaTypa 

[1]  TBepeB  K.K.  3KcnepnMeHTajn>Haa  HfleHTHcjjHKapiia  HeKOTopbix  napaMeTpoB  3jieKTpo3HepreTHHecKoii  CHCTeMbi.  MeT- 
BepTbie  riojiaxoBCKiie  tohiih:  H36paHHbie  Tpyflbi.  CI16.:  H37-BO  "BBM2006.  c.  182-186. 


Generalization  of  the  Ideal  Constraint  Notion  for  Electromechanical  Systems 

Tverev  K.K. 

Saint  Petersburg  State  University,  Russia 


The  notion  of  the  ideal  constraint  for  nonholonomic  and  hybrid  constructions  is  considered.  The  conditions  of 
the  electropower  system  stability  and  quality  are  obtained. 
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HEJIHHEHHblE  YPABHEHHH  B  flHHAMHKE  KEJlbTCKOrO  KAMHH 

Tobcthk  T.II. 

Hncmumyrn .  IJpo6AeM  MamuHoeedenuH  PAH,  CcmKm-nemepSypz,  Poccuh 


Banana  o  ^BicKemni  KejibTCKoro  kumhh  —  sto  KjiacciiuecKaH  3a,n,aHa  HejiHHeitHoft  flHHaMHKH,  iiMeromaa  6ojiee, 
neM  CTOJieTHioio  HCTopmo.  Ijia^Koe  BbinyKjioe  TBep,a,oe  Tejio  (KejiBTCKiiii  KaMeHb)  Ha  mepoxoBaToii  ropiraoH- 
TajiBHoii  njiocKOCTH  coBepmaeT  Majibie  ^bh>k6hhm  okojio  ycTOiiuiiBoro  nojiasceHira  paBHOBeciin  no,a,  fleiiCTBiieM 
ciijibi  THxecTii.  rjiaBHoii  h  caMoft  xapaKTepHoii  oco6eHHOCTbio  .gBiDKemiH  KejiBTCKoro  KaMHH  HBjiHeTCH  ero  cno- 
co6hoctb  nepHcypi'iecKH  MeHHTb  HanpaBjieHi-ie  CBoero  Bpam,eHHH.  B  nojiHoii  Hejii-meimoH  nocTaHOBKe  ^BiiHceiine 
KejibTCKoro  KaMHH  omicbiBaeTCH  CHCTeMoft  ypaBHeHHit  nHToro  nopH,n,Ka.  B  jiHHeftHOH  nocTaHOBKG  3a^,aua  cbo- 
,h,htch  k  CBo6o,a,HbiM  KOjie6aHHHM  CHCTeMM  c  ,a,ByMH  CTeneHHMii  CBo6o,a,bi.  BTopoe  irpn6j[n>KeHne  omicbiBaeT  Bee 
xapaKTepHbie  ^BHJKemiH  KjiacciiHecKoro  KejibTCKoro  KaMHH.  A. II.  MapxeeB  (cm.  «AnHaMHKa  Tejia,  conpiiKaca- 
romerocH  c  TBep^,oi"i  noBepxHOCTbK)».  Hayna,  1992)  npe^jiasci-ui  ^jih  omicaHiiH  Taxoro  ^biihcchiih  iicnojib30BaTb 
MeTO^,  ocpe^HeHHH  h  npe^CTaBHTb  ^BiiHcemie  KaK  KOJie6aHiie  c  Me^jienno  mchhiohi,hmhch  aMnjiHTygaMH  h  <J>a- 
3aMH.  CucTeMa  CBe^eHa  k  ciiCTeMe  ypaBHemni  TpeTbero  nopH^Ka  ^jih  aMnjiHTyn,  nonepeHHbix  KOJie6aHiiii  p  h  q 
h  yrjiOBoii  CKopocTH  O3  Bpam,eHHH  BOKpyr  BepTHKajibHoii  och 


dp  2  dq  2  dfl3  a  /  4  2  4  2\ 

Tt  =  -av'”n*’  Ht=ATp'v~V2’‘)- 

TpaeKTopiiH  L  =  {p(tf ,  q(t) ,  fl3(t)}  b  cjjasoBOM  npocTpaHCTBe  pacnojiaraeTCH  Ha  noBepxHOCTi-i  TpexocHoro  sji- 
jnmcoima  h  cucTeMa  HMeeT  ,n,Ba  HHTerpajia  c  KOHCTaHTaMi-i  C\,  C2: 


v \p2  +  v\ q2  +  A33H3  =  Ci  =  const,  pxq  =  C2  =  const,  x  =  ( V\/v2 )2- 


IlyTeM  BBe^eHHH  6e3pa3MepHbix  nepeMeHHbix  nojiyueHO  ypaBHem-ie,  omicbiBaiomee  3bojhoh,iiio  yrjiOBoii  cko- 
pocTii  fl3,  co^,ep»camee  tojibko  o^iih  napaMeTp  y 

+  2  (y(i  -  n§)  +  (1  -  x)ii3)  =  0,  x  =  (vi/v2)2. 

B  HacTOHm,eii  pa6oTe  uccjie^yeTCH  3bojhoh,hh  TpaeKTopiiH  L  npn  HajiHHHH  Majioro  TpemiH 
dp 


dt 

dq 

dt 


=  -avfptl3  -  kairiP  -  kroiih{p,  q), 
=  a  vfq  Cl 3  -  kair2p  -  kroUI2{p,  q), 


dCl3  a  .  4  2  4  2-|  ;  n  7 

-pr  =  yr-  \viP  ~  v2q  )  -  kair3il3  ~  krot-—, 
dt  A33  |03| 


I\  =  lim 

To— 700  To  J 0 

I2  =  lim 

Tq— 7  00  T0  , 


1  rTo  0i  +  aie2 


vidi\9\ 
T°  e2  +  a20i 


cos(ti  t  +  (3\  )dt, 
cos  [v2t  +  (32  )dt, 


v2a2\8\ 

r^e  kair  —  K03 <(:)<() h  n  h  e  h  t  m  BH3Koro  TpemiH  o  B03^yx,  krot  —  KoacjDcjjimneHT  TpemiH  KauemiH  o  njiocKOCTb, 
kroll  —  K03(J)(J)HH,HeHT  TpeHiiH  BepHCHIIH. 

IIpoBO^HTCH  cpaBHemie  aHajiiiTiiuecKoro  h  Hi-icjieHHoro  pememiH. 


Nonlinear  Equations  on  the  Celt  Stone  Dynamics 

Tovstik  T.P. 

Institute  of  Problems  of  Mechanical  Engineering,  RAS,  Russia 

The  problem  of  the  Celt  stone  motion  is  investigated.  The  convenient  equations  of  its  small  motions  with  the 
exactness  of  the  second  order  are  delivered.  From  these  equations  the  main  Celt  effects  may  be  obtained.  By 
the  averaging  method  the  equation  describing  the  vertical  projection  of  the  angular  velocity  is  delivered.  In 
contrast  to  the  classical  works  here  we  take  into  account  the  small  friction  couples.  We  study  the  effect  of  the 
roll  friction,  of  the  rotating  friction,  and  of  the  viscous  resistance  of  the  air. 
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HHCJIEHHOE  PEIHEHHE  3A^AH  HEJIHHEHHOH  flHHAMHKH  H 
yCTOHHnBOCTn  OAHOCJIOHHbIX  n  MHOrOCJIOHHbIX  OBOJIOHEK 

TpyniHH  C.H.%  MHpropo^CKHii  A.B.** 

*  MocKoecnuu  socydapcmeenHuu  cmpoumeM>Huu  ynueepcumem,  Poccusi 
** 0A0  «MocnpoeKm»,  Poccuh 

B  pa6oTe  nocTpoeHbi  ncxoAHbie  reoMeTpiiuecxiie  cooTHomeHira  HejiiiHeiiHoii  Teoprai  o6ojiouex  c  yueTOM  Ae<f>°P_ 
MapHH  nonepeuHoro  c^Biira  h  o6>xaTHH  no  TOJimime  pjisi  tohkiix  ii  cpe,n,Heii  TOJimirabi  o6ojioueHHbix  xoHCTpyx- 
h,hh.  B  xanecTBe  cnoco6a  nojiynemiH  ypaBHeHHH  abh>k6hhh  ncnojiB3yeTCH  Bapiiapi-ioimBin  npirapun  F aMruiBTOHa- 
O  CTporpa,n,CKoro . 

ripefljioxeHa  MeTOAiixa  pememiH  3aAau  o  xojie6aHHHx  n  ;piHaMH'iecKOH  ycTOiiniiBOCTn  o6ojionenHBix  koh- 
CTpyKpHH  b  reoMeTpnnecKii  HejiiiHeiiHoii  nocTaHOBKe.  ,HHCKpeTH3aAHH  4>yHxn,HH  JlarpaHuta  ocymecTBjiHeTCH  Ha 
ocHOBe  BapiiapnoHHO-pasHOCTHoro  noAxoAa-  A"351  pememin  cucTeMBi  HejiiiHermbix  ypaBHeHHH  ABi-nxemra  nocTpo- 
eH  scjDcjDeKTHBHBlii  ajiropiiTM,  6a3iipyiOHi,HHCH  na  MeTO^ax  npaMoro  iiHTerpiipoBaHHH  HbiOMapxa  h  BiuicoHa  b 
coneTaHHii  c  mctoaom  HbiOTOHa-PacjDCOHa.  Ilccjie^OBaHBi  CBo6oAHbie  xoneGamiH  njiacTHHKi-i  h  n,HjiHHAPHuecxHx 
naHejieii  npn  6ojibhhix  aMnjiiiTy^ax  xojiebaHHH,  a  Taxnte  HanpjnxeHHO-AecjDopMHpoBaHHoe  cocTOHHiie  3aMKHyTOi"i 
pnjiHH^pHHecKOH  o6ojiohkh  npn  B03^,eiicTBHH  yn,apHOi"i  bojihbi. 

PemeHBi  3aAam-i  ^HHaMi-mecKOH  ycTOHUHBOCTH  HejiiiHeiiHO  Ae<f>0PMHPyeMbIX  nojiorax  c<J>epHuecxHx  o6ojio- 
uex  h  npoBe^eHO  conocTaBjieHiie  pe3yjiBTaTOB  c  pemeHiieM  HejiiiHeimoH  CTaTHuecxoii  salami.  JlfUSL  pemeHHH 
HejiriHeHHBix  3a,n,aH  Teopini  njiacTim  h  o6ojiouex,  onpe^ejieHHH  npe^ejitHBix  h  bucjrypxaAHOHHbix  Touex  na 
XpiIBOH  paBHOBeCHBIX  COCTOHHIIH  H  II3yHeHHH  nOBe,H,eHHH  KOHCTpyKH,HH  B  3aKpHTH'ieCKOH  CTaflHH  pa3pa6oTaHBI 
3(J)4)eKTHBHBie  cxeMBi  MeTO,n,a  npoAOJBxeHiiH  no  napaMeTpy,  ocHOBaHHBie  na  npope^ypax  HbroTOHa-PacjDCOHa, 
PyHre-KyTTa,  caMOxoppexTiipyiomeHCH  cxeMBi  MeTO^a  PyHre-KyTTa.  Hcnojn>30BaHiie  ,h,jihhbi  Ay™  xax  napa- 
MeTpa  npoAOxcKemiH  o6ecneni-iBaeT  eAHHbift  npopecc  npoxoncAemra  peryjrapHbix,  npeAejibHbix  h  biicJjypxaAHOH- 
hbix  Touex.  Pa3pa6oTaHHBie  h  anpobupoBaHHbie  HiicjieHHbie  npopeAypti  Hcnojib30BajiHCb  npn  pemeHHH  3aAau 
ycTOHHHBOCTH  oahocjiohhbix  h  MHorocjioiiHbix  ccfepH'iecxHx,  piuiHHAPHHecxHx  h  KOHH'iecxHx  o6ojionex  npn 
OAHO-  h  MHoronapaMeTpunecxoM  HarpyjxeHirax. 


Numerical  Procedures  for  Nonlinear  Dynamic  and  Stability  Analysis 
of  Isotropic  and  Orthotropic  Laminated  Shells 

Trushin  S.I.*,  Mirgorodskii  A.V.** 

*  Moscow  State  University  of  Civil  Engineering,  Russia 
**JSC  "Mosproect  Russia 

Numerical  procedures  for  nonlinear  analysis  of  vibration  and  dynamic  buckling  of  shells  are  proposed.  Computing 
models  are  based  on  the  theory  of  moderately  thick  orthotropic  shells.  The  finite  difference  energy  method  of 
discretization  is  used  for  reducing  the  initial  continuum  problem  to  finite  dimensional  problem.  The  Newmark 
method  is  used  for  integration  of  dynamic  equations,  in  nonlinear  analysis  Newton-Raphson  method  is  used 
for  the  correction  of  results.  The  theory  of  shells  and  numerical  methods  have  been  used  for  investigation  of 
nonlinear  dynamic  behavior  of  plates  and  shallow  cylindrical  shells,  dynamic  buckling  of  spherical  shells  and 
dynamic  behavior  of  cylindrical  shell  under  action  of  shock  wave. 
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O  CTYKTYPE  MHCDKECTBA  YnPABJIEHHH  AHCKPETHOrO 
BAPHAHTA  PACnPE^EJIEHHEM  TEIIJTA 
B  nOJTYBECKOHEHHOM  CTEP>KHE 

TyxTacHHOB  M. 

Hav/aoHcuibHuu  ynueepcumem  y36eKucmana 

AaHHaa  pa6oTa  nocBHm,eHa  HayieHino  CTpyKTypBi  MHoacecTBa  ynpaBjiemiH  b  nojiy6ecKOHeHHOM  CTepame  h  hbjih- 
eTCH  npo,n,oji>KeHiieM  uccjie^OBaHiiii  [1-3],  b  kotopbix  irayHeHBi  3a^aHH  ynpaBjieHiia  b  orpaHHHeHHBix  CTepjKHHx. 

AaHHBiii  nojiy6ecKOHeHHBiii  CTepxeHB  paBHOMepHO  pa36iiBaeM  TOHKaMii  ay  H3MeHeHi-ie  TeMnepaTypBi  b  ko¬ 
topbix  o6o3HaxniM  nepe3  Zi(t),  t  >  0. 

Toiya  nojiyniiM  cucTeMy  o6bikhob6hhbix  ^HcJicjjepeHpiiajiBHBix  ypaBHeHHft 


ii  =  -azi  +  z  2  +  fi(t) 

Z2  =  z i  -  az2  +  z3  +  f2(t)  (1) 

£3  =  z2-  az3  +  z4  +  f3(t) 


Zi(0)  =  zf,  i  =  1,2,...  (2) 

npn  ycjiOBHH,  hto  Ha  KOHpe  CTepvKHH  i io; [y  ep>K h Baerrca  HyjieBaa  TeMnepaTypa,  a  —  KOHCTaHTa,  t  >  0  — 

3a^aHHBie  cjjyHKpiiii. 

OnpeyejieHHe.  Ovhkhhh  rrij(i),  t  >  0,  j  =  l,...,s  HasBiBaiOTca  peajiii3yeMBiMH  yjra  imyeKCOB  (ypaB- 
HeHiiii)  ( i\  <  ...  <  is)  cucTeMBi  (1),  ecjin  cyrpecTByeT  HanajiBHBiH  BeKTop  z°  ((2))  TaKoit,  hto  yjra 

cooTBeTCTByiomero  penieHiiH  Zi(t),  t  >  0,  i  =  1, 2, . . .  cucTeMBi  (1)  HMeiOT  MecTO  paBeHCTBa 

zij{t)=mj{t),  t>  0,  i  =  1, 2,  (3) 

Hepe3  Fm  o6o3HaHiiM  MHoatecTBO  HanajiBHBix  bgktopob  z°  ((2)),  yjra  kotopbix  HMeiOT  MecTO  paBeHCTBa  (3). 
Aajiee,  nsynaeTca  CTpyKTypa  MHoacecTBa  ynpaBjieHiiH  Fm. 

TeopeMa.  MHO»cecTBO  Fm  coctoiit  h3  oyHoro  ajieMeHTa  Torya  h  tojibko  Torya,  Korya 

HOfl(*i, .  .  .  ,is)  =  1 

3aMeaaHHe.  B  neorpaHiiHeHHBix  CTepjKHJix  MHO*ecTBO  Fm  He  MonceT  coyepncaTB  6ojiee  oyHoro  sjieMeHTa, 
npHHayjieiKaiyero  npocTpaHCTBy  lq  (q  >  0). 

JlmepaTypa 

[1]  Abaohiih  C.A.,  Mbcihob  C.B.  CTapTOBe  h  TonenHoe  ynpaBjieHna  KOjie6amiaMH  npsMoyrojiBHOil  MeM6paHbi  //  Abto- 
MaTHKa.  KneB.  1990.  N2  6. 

[2]  CaTHMOB  H.K).,  TyxTacHHOB  M.  O  CTapTOBOM  ynpaBjieHHii  cucTeMaMH  c  cocpeyoTOHeHHBiMii  napaMeTpaMH  / /  MaTeM. 
3aMeTKH.  2004.  T.75.  BBin.5. 

[3]  TyxTacHHOB  M.  06  oyHoii  onTiiMH3aipiOHHOH  3ayane  CTapTOBoro  ynpaBjiemia  pacnpocTpaHeHiieM  Tenjia  b  CTepsme 
/ /  Bbih.  TexH.  Hoboch6.  2003.  T.  8.  N2  6. 


About  the  Structure  of  Set  Management  of  a  Discrete  Variant 
with  Heat  Distribution  in  the  Half  Infinite  Cores 
Tukhtasinov  M. 

National  University  of  Uzbekistan 

In  the  work  problems,  in  a  discrete  variant,  managements  of  inital  distributions  of  heat  in  the  infinite  cores  are 
considered.  Easily  checked  necessary  and  sufficient  conditions  for  one  element  sets  of  management  are  obtained. 
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CLASSICAL  MECHANICS 


PA3BHTHE  H  B03MCDKH0CTH  nPHMEHEHHfl  KOHD;Enti;nn 
OBOBmEHHOrO  BPEMEHH  K  MATEMATHHECKOMY 
OnHCAHHIO  flE<&OPMHPOBAHHH  H  nOBPE^CAAEMOCTn 
PEOJiornHECKn  cjio^cHbix  cpea 

$eflOpOBCKHH  PA- 

CaHKm-nemepSypzcKuu  socydapcmeenHuu  ynueepcumem,  Poccuh 

B  HacToamee  BpeMa  nponcxo,n,HT  nocTeneHHoe  B03pacTamie  iiHTepeca  uccne.a.OBaTeneH  k  iicnojiB30BaHino  no^xo- 
,3,0b  c  o6o6m,eHHBiM  BpeMeHeM  pjm  peineHiia  4)yH,n,aMeHTajiBHBix  h  npiixjia,n,HBix  npo63eM  MexaHHKH  cn3omHBix 
cpe,n,  c  neTpi-iBi-iajiBHBiM  noBe^eHiieM.  9to  BBi3BaH0,  npe>xyi,e  Bcero,  nporpeccoM  npiiHpiiniia^BHBix  bo3mo>kho- 
CTeii  ^aHHoro  cnoco6a  peineHiia,  noTpe6HOCTBK>  cymecTBeHHoro  noBBiHiemia  xanecTBa  (tohhocth)  peineHiia  h 
B03HiiKH0BemieM  hobbix  BaatHBix,  HeoTjioixHBix  3a^aH.  K  TaxiiM  3a,n,aHaM  othochtch,  HanpiiMep,  pa3pa6oTxa 
TexHOJiomm  ii3r0T0B3eHiia  h  nporH03iipoBaHiie  pa6oTOcnoco6HOCTi-i  axcnnyaTiipyeMBix  b  axcTpeMajiBHBix  ycno- 
biihx  hobbix  cynepcoBpeMeHHBix  Ha^ejuiii  tcxhhxh;  a  Taxixe  ocTpo  Ha3peBHiaa  ceimac  Heo6xo,n,HMOCTB  aHaim- 
3a  B03M0HCH0CTH  npo,n,neHHH  cpoxa  cjiy>x6Bi  SKcnayaTiipyeMBix  .apporocToamux  H3,n,ejiHH,  p e i  j i a m e h t h p ye m bi ii 
BpeMeHiioii  npe^ea  cny»c6Bi  kotopbix  paccHHTaHHBiii  no  CTapBiM  MeTO^iixaM  3axaHHiiBaeTca.  Kax  H3BecTH0, 
xoHpenpiia  o6o6m,eHHoro  BpeMemi  ocHOBaHa  Ha  sxcnepiiMeHTanBHO  ycTaHOBneHHBix  <J)H3Hxo-xHMHxo-MexaHO- 
BpeMeHHBix  aHajiori-iax  (TeMnepaTypHO-,  BjiaamocTHO-,  xoHpeHTpapiiOHHO-,  nojiHMepH3an,HOHHO-,  pa^i-iapHOHHO- 
,  nacTOTHO-,  Hanpaixeimo-,  ^ecjDopMapiiOHHO-BpeMeHHBix  h  .npyraix  mmoTe3ax).  Hanhojiee  noaHO  nccjie,n,OBaHBi 
TGMnepaTypHO-BpeMeHHBie  cooTBeTCTBiia,  nexoTopnie  H3  hhx  CTajni  xjiaccHnecxHMH  h  iiMeiOT  ygohHBie  rjih 
pacneTOB  aHajniTiiHecxiie  BBipaacemia:  «npocTBie»  h  «cjio>xHBie».  ApyrHe  cooTBeTCTBiia,  oco6emio  MexaHO- 
BpeMeHHBie  ,3,3a  HenimeimBix  npopeccoB,  eru,e  ne^ocTaTOHHO  H3yneHBi  h  ,3,3a  hhx  ,h,o  He^aBHero  BpeMeHii  nonTi-i 
OTcyTCTBOBaaii  HecaoixHBie  aHajiHTHHecxne  3aBHCHM0CTH  Ha  BceM  iiHTepBaae  apryMeHTOB,  hto  ochojxhhho  iix 
npiiMeHeHiie.  Il3BecTHBi  no^xo^Bi,  npn  xotopbix  HeaimeimocTB  ymiTBiBaeTca  tohbxo  npeo6pa30BaHi-ieM  BpeMe- 
hh  (BBe^eHiieM  «ropii30HTa3BHoro»  npeo6pa30BaHiia  onpe,a,eHHiOHi,Hx  cjDyHxuyiii)  h  CMemaHHoro  Ti-ma  (xoiyja 
bbo^htch  Tax>xe  ii  «BepTtixaaBHoe»  npeo6pa30BaHiie) .  BTopoii  no^xo^i,  npiiBO,a,iiT  x  Heya,o6Hoii  axaexTiixe  onu- 
cam-ia.  PaccMOTpeHBi  «npocTBie»  h  «cao>xHBie»  MacniTa6Bi  BpeMeHii,  aBHaiomiieca  <f>yHxii,HHMH  h  (JjyHxpiiOHa- 
jiaMii.  Pafl  iiccae^OBaTeaeii  npHMeHHjiH  noHHTiie  o6o6m,eimoro  BpeMeim  c  o6hi,hx  no3HH,Hft:  c  yneTOM  3axoHOB 
TepMOflHHaMHXH,  xoppeanpya  3 to  BpeMH  c  3HTpomieii  h  SHepmieii.  IlMeiOTca  ny63iixaii,HH,  aBTopni  xotopbix 
omiCBiBaiOT  npopeccBi  CTapemia  hjih  H3MeHeHiiH  cbohctb  cpe^  nyTeM  npeo6pa30BaHiiH  BpeMeHii.  B  Hami-ix  pa- 
6oTax  paccMOTpeHBi  onpe^eaHiomne  ypaBHemia  c  jimhchhoh  «naMHTBio»  cpe,a,  h  jiHHefiHofi  iijih  HeHimeimoii 
«naMHTBio»  BpeMeim,  c  cooTBeTCTByiomiiMii  HepapxHnecxH  3aBHCHMBiMH  MacmTa6aMii,  a  Taxixe  —  cnoco6Bi 
o6pam,eHHH  ypaBHemm.  BninoaHeHO  aHaHiiTiiHecxoe  o6o6m,eHiie  TexHimecxiix  Teopnii  HeHimeimoii  nonsynecTii 
nyTeM  o6o6m,eHiia  BpeMeHii,  no3B03aiOHi,ee  oniiCBiB aTB  no33ynecTB  cpe,n,  c  ynponHeHiieM  h  pa3ynpoHHeHiieM. 
C^eaaHO  MaTeMaTiinecxoe  oniicaHiie  BH3xoynpymx  cbohctb  h  .npHroBenHOCTeii  pa,n,a  nojniMepHBix,  MeTaHHime- 
cxhx  ii  flpynix  cpe^i,.  noayneHBi  aHajiHTHnecxHe  Moreau  H3BecTHBix  m 0^3 h cji h  xa n h  ii  xiraeTiiHecxoii  Teopnii  Me- 
xaHii’iecKoii  h  saexTpiiHecxoii  nponHOCTii  (npo6oa)  c  Ha^6apBepHBiM  h  no^6apBepHBiM  (TyHHeaBHBiM)  TeMnepa- 
TypHBiM  nepexo^OM.  Pa3pa6oTaHBi  BapnaHTBi  xpiiTepneB  fl0CTii>xeHHH  npe^eaa  TepMOTexynecTii  11  pa3pymeHiia. 
YcTaHOBaeHO,  hto  b  caynae  pacTHJxeHiia  hjih  c^,Biira  mojxho  bbo^htb  noHHTiie  iraxyGapiioiiiioro  o6o6meiiiioro 
BpeMeim  pa3pymeHiia.  IIoxasaHa  BBicoxaa  sijKjiexTHBHOCTB  iicn03B30BaHiia  o6o6m,eHHoro  BpeMeim  fljia  npo- 
rH03iipoBaHiia  pa33iiHHBix  MexaHiiHecxiix  npopeccoB  h  4)a30BBix  (cTpyxTypHBix)  nepexo^OB,  b  nacTHOCTii,  ^,aa 
3aMopaaciiBaeMBix  rpyHTOB. 


Development  and  Opportunities  of  Application  of  the  Concept  of  Generalized 
Time  to  the  Mathematical  Description  of  Deformation  and 
Damageability  of  Rheologically  Complex  Media 
Fedorovsky  G.D. 

Saint  Petersburg  State  University,  Russia 

Developments  and  achievements  of  approaches  with  generalized  time  to  the  description  of  a  mechanical  condition 
of  nontrivial  continuous  media  at  various  physical-chemical-mechanical  actions  are  analyzed. 
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O  IIPEAEJTbHOM  IIOBE^EHHH  PEIHEHHH  nEPHO^HHECKOH 
no  BPEMEHH  MEXAHHHECKOH  CHCTEMbl 
C  HECTAIJHOHAPHbIMH 

<E>HJiaTKHHa  E.B. 

yjibttHoecKuu  socydapcmeeHHUu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  ^iKjxJjepeHpiiajibHoe  ypaBHemie 

x  =  F(t,x),  (1) 

r,n,e  x  £  Rn,  F  :  R  x  T  — >  Rn  -  HenpepBiBHoe  OTodpanceHiie,  nepiio^iinecKoe  no  t  £  R,  T.e.  F(t  +  T,x)  =  F(t,  x), 
ynOBjieTBopniomee  ycjiOBino  JInmnnn,a  no  x. 

PemaeTCH  3a,n,ana  o  npe,a,ejiBHOM  noBe,n,eHnn  pemeHnit  nepno^nnecKon  no  BpeMenn  chctcm™,  rjisi  KOTopoii 
H3BecTHBi  m  nepBBix  iiHTerpajiOB  n  <f>yHKn,HH  V(t,x),  y6BiBaK>in,aH  Ha  Ka>K,n,OM  pemeHnn  cncTeMBi  (1). 

PaccMOTpi-iM  MexaHiinecKyro  cncTeMy  c  HecTanjiOHapHBiMi-i  cbh3hmh,  ^Biincenne  KOTopoii  onncBiBaeTcn  ,n,H(t>- 
cjjepeHpnajiBHBiMH  ypaBHeHHHMii  (1),  r,a,e  x  =  (x±,  X2,  ■  ■  ■ ,  xn)T  £  Rn  c  ||a:||  =  \Jx\  +  x^  +  ■  ■  ■  +  x ^ ,  F(t,x)  - 
nepHO.ii,.  no  t  c  nepno^OM  T,  onpe^enennan  b  o6jiacTn  R  x  T,  T  C  Rn. 

IlepBBiM  riHTerpajiOM  cncTeMBi  (1)  HBjineTcn  <J>yHKn,HH  U :  R  x  T  — >  R,  KOTopan  HenpepbiBHO  ,n,Hcl>cl>epeHii,H- 
pyeMa  n  nocTOHHHa  b^ojib  Kanyupro  pememiH  chctcmbi  (1). 


gjj  n  ^  qjj 

U(t,x(t,t0,x0))  =  c0  =  const,  Vi  >  to,  U{t,  x)  =  —  +  Y]  ^r-^i  =  0- 


i— 1 


dx; 


Ann  Taxon  cncTeMBi  moxcho  ccjropMyjnipoBaTB  cne^yromyio  TeopeMy: 

TeopeMa.  Ilpe^i,nojio>KHM,  hto  /pm  cncTeMBi  (1)  cyipecTByeT  nepBBiii  HHTerpaji  U :  R  x  T  — >  R  n  (J>yHKn,HH 
V :  R  x  r  — *  R,  Taxi-ie  hto 

1.  V(t,x)  —  onpe^ejiepmo  nojioJKHTejiBHan  Ha  MHOxecTBe  {U(t,x)  =  0}  n  ee  npoiraBO^HaH  V(t,x)  <  0 
V(t,  x)  £  R  x  T 

2.  MHOxecTBO  {U(t,x)  =  0}  l~l  {V(t,x)  =  0}  He  co^epvKHT  pemeHnit  cncTeMBi  (1)  xpoMe  x  =  0. 

Toryja: 

1.  x  =  0  paBHOMepHO  ycToitmiBO  n  HBjineTcn  paBHOMepHO  npnTHrnBaiom,HM  .zyin  x  =  x(t,Xo,x),  b^ojib 
KOToporo  U(t,x(t,x o,x))  =  Co  =  0. 

2.  Kanynpe  pememie  cncTeMBi  (1)  b^ojib  KOToporo  U(t,x(t,Xo,x))  =  cq  ^  0  neorpaHnnenHO  npn6jin>KaeTCH 

K 

MaKCHMajiBHO  HHBapnaHTHOMy  no^MHoncecTBy  MHoncecTBa  {U(t,x)  =  Co}  D  {V(t,x)  =  0}  npn  t  — >  +oo. 
TeopeMa  ,n,OKa3aHa  c  noMOin,Bio  TeopeMBi  KpacoBCKoro  n  TeopeMBi  .ila-Cajin  o  nojio>KHTejiBHO  npe^ejiBHOM  mho- 
ncecTBe. 

PaboTa  BBinojmeHa  npn  ( j.) h h a h c o b o it  no^mep>KKe  POOH,  rpaHT  050100765. 

JlHTepaTypa 

[1]  Bap6amnH  E.A.,  KpacoBCKiiii  H.H.  06  ycToitmiBOCTii  flBH*eHHa  b  pejiOM  //  JSpKji.  AH  CCCP,  1952.  T.86,  N  3. 
C.  53-546. 

[2]  Jla-CajuiB  >K.,  Jleffmien,  C.  HccjieflOBaHne  ycTonunBOCTii  npnMBiM  MeTOflOM  JlanyHOBa.  M.:  Mnp.  1964.  168c. 

[3]  AHflpeeB  A.C.  06  aciiMiiTOTHuecKOH  ycToituiiBOCTH  h  HeycToituiiBOCTH  HyjieBoro  pememia  HeaBTOHOMHoii  cncTeMBi  // 

nMM.-  1984.  -  T.  48.  -  bbiii.  2.  -  C.  225-232. 

On  the  Limit  Behavior  of  Solutions  of  Nonstationary 
Periodic  by  the  Time  Mechanical  System 

Filatkina  E.V. 

Ulyanovsk  State  University,  Russia 

Periodic  nonstationary  mechanical  system,  described  by  the  differential  equations  is  considered.  The  problem 
on  the  limit  behavior  of  solutions  is  solved  using  Lyapunov’s  function  for  periodic  mechanical  system,  witch 
have  m-  first  integrals.  Theorem  on  the  limited  behavior  of  solutions  is  formulated  and  proved. 
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HCCJIEAOBAHHE  HTEPAIJHOHHOH  CXEMbI,  BOSHHKAIOIIJEH 
B  3AAAHE  O  TEREHHH  PA3PE>KEHHOrO  TA3A  B  KAHAJIE 

XajiH,n,oB  H.A.,  LQajiarHHOB  E.A. 

CaHKm.-IIemepdypzcKuu  socydapcmeennuu  ynueepcumem,  Poccuh 

B  pa6oTe  uccjie^yeTCH  npo6jieMa  B03HiiKH0BeHHH  CTOxacTiiHHOCTii  b  noTOKe  o,n,HOKOMnoHeHTHoro  6eccTpyKTyp- 
Horo  paspeHceimoro  ra3a.  IIpii  onncaHHH  Taicrix  Tenem-iii  onpe^ejunoruyio  pojib  nrpaiOT  3aKOHBi  B3an  m o/ ^e  hct  b  h  m 
HacTiiu,  c  noBGpxHOCTBio,  noTOK  nojiHOCTBio  onpe,a,ejiHeTCH  (JjyHKpiieii  V  pacceaHira  aTOMOB  rasa  Ha  noBepxHOCTii. 
Ecjih  <J)yHKH,HH  V  oniiCBiB aeTCH  c  noMom,Bio  jiyneBOH  MO,a,ejiii  [1],  [2],  to  ^BiiHcemie  OT,a,ejiBHoro  aTOMa  cbo,h,htch 
k  HTepan,HOHHoft  cxeMe  xn+i  =  f(xn),  n  =  0, 1, r,ge  fix)  —  hcj  [  h  hc  if  hum  cjryHKpiiH.  AHajorru'iecKHu  aHa- 
jih3  h  HHCjreHHbie  pacneTBi  npn  n  >  8  noKa3ajiH,  hto  cyipecTByiOT  nepexo,n,HBie  3HaHeHiiH  napaMeTpoB  MO^ejiH, 
npn  KOTopbix  Ha6jiK>,a,aeTCH  noTepa  ycTOiiHiiBOCTii,  h,  Kaic  cjie^CTBiie,  B03HHKaeT  KacKa,a,  6ii(J>ypKaii,HH  [lj.  IIpii 
3tom  pe3KO  MeHHiOTCH  MaicpoxapaKTepHCTHKH  TeneHiia,  hto  no^TBepHc^aeTCH  HiicjieHHBiMH  pacneTaMii.  HaMi-i 
HCCJie,n,yeTCH  6ojiee  o6in,aii  ,n,ii4)4)y3HO-jiyHeBaH  MO,a,ejiB,  pjisi  KOTopoii  uacTB  aTOMOB  (l-cr  )  OTpaacaeTca  ot  no- 
BepxHOCTi-i  b  cooTBeTCTBHii  c  jiyueBOH  cxeMoii,  a  uacTB  (cr)  ^iKfxffysHO.  ,HH4)4)y3Haii  Ao6aBKa  k  jiyueBOH  MO,a,ejiH 
Be,a,eT  k  paH,n,OMH3ai],HH  TeueHiiH  h,  BOo6m,e  roBopa,  npimpiimiajiBHO  MeHaeT  npe,a,ejiBHoe  noBe^emie  flHHaMH- 
HecKoii  ciiCTeMBi,  MO^ejiiipyromeii  MHoroKpaTHoe  OTpancemie  aTOMOB  ra3a  ot  ctghok  KaHajia.  Ho  HiicjieHHBie 
pacneTBi  noKasanii,  hto  npn  OTHOCiiTejiBHO  MajiBix  3HaHeHiiax  Tenem-ie  coxpaHaeT  cboiictbo  pe3KO  MeHaTB  xa- 
paKTepiiCTHKH  npn  Tex  ace  nepexo,a,HBix  3HaHeHiiax  napaMeTpoB  (|’)yhkhhh  V,  hto  ii  pjisi  hiicto  jiyneBOH  Modern-!. 
Hai*meHBi  rpamipBi  B03MoacHoro  H3MeHeHiia  napaMeTpoB,  npn  kotopbix  y Ka3 aHHBifl  3<J>(J>eKT  HMeeT  MecTO. 

JlmepaTypa 

[1]  MnpomnH  P.  H.,  XcunuflOB  M.  A.  JloKajibHbie  MeTOflM  b  Mexamnce  ciuioihhbix  cpefl.  Il3fl-Bo:  C-IleTep6yprcKoro  yH-Ta, 
2002,  304  c. 

[2]  BapaHpeB  P.P  B3aHMO,a,eiicTBHe  pa3peaceHHBix  ra30B  c  o6TeKaeMbiMH  noBepxHOCTSMii.  M.:  Hayica,  1975,  344  c. 


Investigation  of  Iterative  Analytical  Model  Arising  in  the  Problem 
of  Rarefied  Gas  Flow  in  a  Channel 
Khalidov  I. A.,  Shalaginov  E.A. 

Saint  Petersburg  State  University,  Russia 

The  free-molecular  motion  of  rarefied  gas  atoms  in  a  channel  is  described  by  means  of  iterative  analytical  model. 
In  the  case  of  ray  reflection  of  gas  atoms  from  the  walls  (it  means  the  velocity  of  reflected  atoms  having  a  single 
meaning  depending  on  the  incident  velocity,  i.e.  scattering  function  being  delta  function)  the  analytical  and 
asymptotical  analysis  has  displayed  the  instability  and  the  cascade  of  bifurcations.  In  more  general  case  of 
ray-diffuse  reflection  from  channel  walls  the  computations  have  demonstrated  the  same  effect  by  approximate 
parameter  values. 
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O  METOAE  rAMHJTbTOHA-5IKOEH  AM  CHCTEM  CO  CB33MMH 

XaHyKaeB  IO.H. 

MocKoecKuu  <fiu3UK0-mexHUHecKuu  uHcmumym 
(eocydapcmeeHHuu  ynueepcumem) ,  Poccuh 

BKj[K)'ieHH6M  BpeMemi  h  cooTBeTCTByiomero  HMnyjiBca  nceB1n,oeBKjiH1n,OBa  npocTpaHCTBa  b  nepeneHB  raMiuiB- 
tohobbix  nepeMeHHBix  MexaHH'iecKOH  CiiCTeMBi  c  KOHenHBiMH  CBH3HMH  ,n,0CTiira£TCH  bo3mo>khoctb  nocTpoemiH 
CTapnoHapHoro  nojiHoro  iiHTerpajia  cooTBeTCTByiomero  ypaBHemin  raMiijiBTOHa-HKobu 

H  =  -  a00P0Po)  +  n{Q)  ->  H  (q,  g)  =  0. 

KaHommecKoe  npeo6pa30BaHiie  k  iiobbim  nepeMeHHBiM  Q,  P  — >  Q ,  P,  nopox^aeMoe  nojiHBiM  HHTerpajiOM 
S(Q,  P),  ne  napymaeT  CTaqiiOHapHOCTB  no  co6cTBeiraoMy  BpeMemi  r  ypaBHemiii  CBH3ei"i  fs{Q )  — ►  fs(Q,P), 
hto  no3BOJuieT  ,a,ajiee  CTaqiiOHapHBiM  o6pa30M  nepeftTH  k  He3aBi-ici-iMBiM  nepeMeHHBiM  q ,  p: 

dQ_  _  ^  dfs_  ^  =  =  q  ^1  =  0 

dr  s  dP’  dr  s  QQ  dr  dr 

dQ  o  dQ  o  dcio  „ 

b^HHCTBeHHaa  HecTau,HOHapHaa  cb33b  — —  =  — —  =  — —  =  1  no3BOJiaeT  b  nojiyneHHOM  pemeHnn  nepenTn  ot 

dr  dr  dr 

BpeMemi  r  k  KOop/pmaTHOMy  BpeMemi  Q o  =  t. 

HanpiiMep,  CHCTeMa  n  npHTJirHBaioiipixcji  ppyr  K  APyry  Macc  ?Tq  SKBHBajieHTHa  ci-iCTeMe  n(n  —  1) /2  npi-iBe- 
peHHBix  Macc  pij  =  miiTij/m  ^BimcymiixcH  b  none  Maccni  m  =  X  m,.  nojioncemie  Kanynpii  npiiBepeHHoii  Maccni 
onpe^ejiaeTCH  papnycoM-BeKTopoM  paccTOHHHH  Rij  Meacpy  MaccaMH  to,  h  my.  CucTeMa  nopmiHeHa  cbh3hm 
i?,y  +  Rjk~\ — \-Rki  =  0.  nepexop  k  He3aBiiciiMBiM  nepeMeHHBiM  r,,  pi  b  nojiHOM  HHTerpajie  X  SgiRa,  Pa)  paeT 
nojiHBiii  HHTerpaji  hcxo^hoh  CiiCTeMBi  H3  n  Macc  mi. 

raMHjiBTomiaH  THxejioro  HecHMMeTpi-iHHoro  TBepporo  Tejia  mohcho  npepcTaBHTB  kslk  pa3HOCTB  raMiuiBTO- 
HHaHa  ccjrepiiHecKoro  MaHTmnca  H\(Q\,  P\)  h  raMiijiBTomiaHa  H^Q^,  PM)  HeciiMMeTpiiHHoro  TBepporo  Tejia, 
y  KOToporo  peHTp  tjdkccth  coBMerpen  c  HenopBi-racHOH  tohkoh.  0Ta  CHCTeMa  nopHimeHa  cbh3hm  Q\  =  Q Ile- 
pexop  k  He3aBHCHMBiM  nepeMeHHBiM  q,  p  b  nojiHOM  HHTerpajie  S\(Q\,  P\)  —  PM)  paeT  nojiHBiii  HHTerpaji 

hcxophoh  ciiCTeMBi. 

Otmcthm,  hto  nojiHBiii  HHTerpaji  pjra  CiiCTeMBi  co  cbh3hmh  b  eBKjin^OBOM  npocTpaHCTBe  copepxaiT  BpeMH, 
ypaBHeHHH  CBH3eii  b  iiobbix  nepeMeHHBix  nepecTaiOT  6bitb  CTaipiOHapHBiMii  h  nepexop,  k  ne3aBiiCHMBiM  nepe¬ 
MeHHBiM  noponcpaeT  CHOBa  cjryHKipiio  raMiuiBTOHa,  OTjniHHyio  ot  Hyjia.  TaKiiM  o6pa30M,  nceBpoeBKjnmoBOCTB 
npocTpaHCTBa  —  npiimpimiajiBHa. 


On  the  Hamilton-Jacobi  Method  for  Constrained  Systems 

Khanukaev  Yu. I. 

Moscow  Institute  of  Physics  and  Technology,  Russia 

Transition  from  initial  (dependent)  coordinates  to  the  independent  ones,  not  at  the  stage  of  drawing  up  the 
equations  of  dynamics,  but  in  the  full  integral  of  the  Hamilton-Jacobi  equation  is  discussed. 
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CJIYHAK  IIOJIHOH  HHTErPHPYEMOCTH  B  flHHAMME 
HETbIPEXMEPHOrO  TBEP^OrO  TEJ1A 
B  HEKOHCEPBATnBHOM  nOJIE  CHJ1 

IIIaMOJiHH  M.B. 

MHcmumym  MexanuKU  MTY  um.  M.B.  JIoMonocoea,  Poccua 

B  pa6oTe  noKa3aHO,  hto  CTpyKTypa  /pmaMHHecKHx  ypaBHem-iii  njiocKonapajuiejiBHoro  h  (TpexMepHoro)  npo- 
CTpaHCTBeHHoro  ^bidkehiih  CBo6o,n,Horo  TBep,n,oro  Tejia  Ha  so(2)  x  R2  h  so(3)  x  R3,  cooTBeTCTBeHno,  coxpaHaeT- 
ch  npn  neKOTopbix  o6o6ru,eHHHx  Ha  cjiynan  6ojiBmeii  pasMepHOCTH.  HacTOjnn,aH  pa6oTa  nocB5nu,eHa  H3yHeHino 
HejiHHeiiHBix  CHCTeM  ^HcjDcjjepeHpHajiBHBix  ypaBHeHHH,  nojiynaiomiixcH  npn  TaKOM  o6o6m,emiH.  Ilpn  stom  no- 
jiyneHHBie  MHoroMepHBie  /pmaMiiHecKiie  ciiCTeMBi  omiCBiBaiOT  ^BiixceHiie  Tax  Ha3BiBaeMoro  neTBipexMepHoro 
TBep,n,oro  Tejia  b  HeKOHcepBaTHBHOM  none  chji  conpoTHBjieHiiH. 

Ilpe^nojiaraeTCH,  hto  o,n,HOCBH3HaH  neTBipexMepHaa  o6nacTB  c  rpaHiipeii,  HBjunomeiicH  rjia,n,KHM  TpexMep- 
hbim  MHoroo6pa3i-ieM,  ^BiixceTCH  b  HeTBipexMepHOM  npocTpaHCTBe,  3anojiHeHHOM  cpe^oii,  h  hto  Bee  hx  B3an- 
MO^eiiCTBiie  cocpe^OToneHO  Ha  toi"i  nacTi-i  noBepxHOCTH  (rpaHiipBi)  Tena,  KOTopaa  HMeeT  cJropMy  TpexMepHoro 
rnapa.  ITpri  stom  BeKTop  yrjiOBofi  CKopocTii  ^BiixceHiiH  TaKoro  Tena  —  aneMeHT  anre6pbi  so(4)  x  R2,  a  ckopoctb 
peHTpa  Macc  —  aneMeHT  i?4. 

Ecnii  onepaTop  HHeppHH  b  ,n,eKapTOBOH  cucTeMe  DX1X2X3X4,  CBH3aHHOi“i  c  TenoM  (ocb  x\  nanpaBjieHa  b,h,ojib 
och,  npoxo^jnneii  nepe3  peHTp  Macc  C  Tena  h  peHTp  rnapa,  a  ^enapTOBa  CHCTeMa  Dx 23:3X4  CBjraaHa  c  .gaHHBiM 
TpexMepHBiM  rnapoM),  HMeeT  ^iiaroHajiBHBiii  bh^  diag{I\ ,  I2 ,  Li  -  A},  LI  £  so(4)  —  MaTpupa  «yrnoBOi"i  ckopocth» 
TBep,n,oro  Tena,  to  /yiHaMiiHecKaa  nacTB  ypaBHemiH  ^BiinceHiiH  HMeeT  cjie,nyioin,HH  BH,a,  [1,2]: 

0*A  +  A*0  +  [ft,  HA  +  AH]  =  M,  mwc  =  F, 

rp,e  A  =  diag{ Ai,  A2,  A3,  A4},  A4  =  (-/1  +  I2  +  I3  +  h)/ 2, . . . ,  A4  =  {h  +  h  +  h  ~  h)/ 2,  M  —  momcht  ciijibi 
B03,n,eHCTBHH  F  cpe^Bi,  cnpoeKTi-ipoBaHHBiH  Ha  so(4),  [. . .]  —  KOMMyTaTop  b  so(4),  to  —  Macca  Tena,  u>c  - 
ycKopemie  peHTpa  Macc. 

Cima  F  onpe^enaeTCH  no  aHanorrai  c  chjioh,  ncnonB3yeMOH  npn  MO^,eniipoBaHHH  B03,n,eHCTBHH  conpoTHB- 
junomeiicH  cpe^Bi  Ha  TBep^oe  Teno  b  ycnoBiiax  CTpyimoro  o6TeKaHiia  [2,3]. 

JlHTepaTypa 
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HeHiiii.  -  M.:  ll3n-BO  "OaKTopnan,  1995.  -  448  c. 

[2]  IIIaMOJiHH  M.  B.  llHTerpupyeMOCTb  no  5Iko6ii  b  3an,ane  o  ,a,BH>KeHHH  neTBipexMepHoro  TBepnoro  Tena  b  conpoTHBjia- 
romeiicH  cpene  / /  TfoKjiaflBi  PAH.  -  2000.  -  T.  375.  -  A2  3.  -  C.  343-346. 

[3]  CaMCOHOB  B.  A.,  HlaMonHH  M.  B.  K  3an,ane  o  flBHJKeHim  Tena  b  conpoTHBjisnomeiicH  cpene  //  BecTH.  Mock.  yH-Ta. 
Cep.  1.  MaTeMaTHKa.  MexamiKa.  -  1989.  -  Ns  3.  -  C.  51-54. 


The  Case  of  Complete  Integrability  in  4D  Rigid  Body  Dynamics 
at  Nonconservative  Field  of  Forces 
Shamolin  M.V. 

Institute  of  Mechanics,  Moscow  State  Lomonosov  University,  Russia 

The  present  paper  is  devoted  to  development  of  qualitative  methods  in  dynamics  of  a  4D-rigid  body  interacting 
with  a  resisting  medium  under  the  assumptions  of  quasi-stationarity.  The  given  material  is  on  the  junction  of 
the  qualitative  theory  of  the  ordinary  differential  equations,  dynamics  a  rigid  body.  In  this  investigation  the 
properties  of  movement  of  a  rigid  body  in  medium  under  the  assumptions  of  jet  flow  are  used.  The  technique 
of  a  research  of  the  flat  and  spatial  model  problem  of  a  body  motion  in  a  resisting  medium  is  constructed. 
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BbIHHCJIEHHE  XAPAKTEPHCTHHECKHX  IIOKA3ATEJIEH 
AJ 13  MAHTHHKOBbIX  ,H;BH>KEHHH  TRHCEJIOrO  TBEP^OrO  TEJ1A 
C  OAHOH  HEnO^BH>KHOH  TOHKOH 

IIlBfairHH  A.JI. 

MocKoecKuu  eocydapcmeennuu  ynueepcumem  npuUopocmpoenuH  u  iiwfiopMarriuKU,  Poccuh 

B  cjiyuae,  KOiyja  n,eHTp  th^kbcti-i  pacnojioxeH  b  o,a,Hoii  H3  rjiaBHbix  njiocKOCTeii  ajunincoi-ma  HHepn,HH  ^jih  Heno- 
^Bii>KHoii  to'ikh,  THxejioe  TBep,a,oe  Tejio  c  o,a,Hoii  Heno,a,Bii>KHoii  tohkoh  flonycKaeT  MauTHiiKOBBie  /3bh>k6hhm 
Mjio^3eeBCKoro  [1],  BKjnouaiomiie  b  ce6a  KOjie6aHiia  h  Bpamemur.  MaaTHiiKOBBie  KOJie6aHiiH  hbjijuotch  Han6o- 
jiee  o6iii,hmh  c  h  m mbtp h  '  i  h  bi  m h  i  i  ep  h  0/3  h  '  i  e  c  k  h  m  h  /3  b  h  >kc  h  h m m  h  TH»cejioro  TBep,a,oro  Tejia  c  o^hoh  Heno,a,Bii>KHOH 
tohkoh  [2,  3].  HajiHHne  hx  TecHO  CBH3aH0  c  npo6jieMon  HeiiHTerpnpyeMOCTi-i  h  iiHTerpiipyeMOCTii  3aflauH,  perne- 
mie  KOTopoii  Tpe6yeT  3HamiH  xapaKrrepncTH'iecKnx  noKa3aTejieii  [4] . 

AoKasaHO  [2],  hto  MaaTHiiKOBBie  /3bh>k6hhh  o6a3aTejiBHO  co,a,ep>KaT  ueTBipe  HyjieBBix  xapaKTepncTiiuecKiix 
noKa3aTejia,  H3  kotopbix  ,a,Ba  —  npocTBie,  a  ,a,Ba  ^pynix  o6pa3yK>T  >Kop,n,aHOBy  KjieTKy;  ocTajiBHBie  —  ,a,Ba 
HeHyjieBBie  xapaKTepiiCTiiuecKiie  noKa3aTejra  HMeiOT  npoTHBonojio>KHBie  3HaKH. 

B  ^OKjia^e  H3JiaraiOTCH  pe3yjiBTaTBi  no  BBinncjieHiiio  xapaKTepiiCTiinecKiix  noKasaTejieii  yKa3aHHBix  ,a,BH>Ke- 
hhh  b  napaMeTpnnecKOM  npocTpaHCTBe  3a,n,auii. 

PaboTa  BBinojmeHa  npn  cjnraaHCOBoii  no,zmepvKKe  POOH  (06-01-00068)  ii  nporpaMMBi  HIH-6667.  2006.1 
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The  Research  of  Characteristic  Measures  of  Pendulum  Motions 
of  Heavy  Rigid  Body  with  One  Fixed  Point 
Shvygin  A.L. 

Moscow  State  University  of  Instrument  Engineering  and  Computer  Science,  Russia 

The  problem  of  motion  of  rigid  body  with  one  fixed  point  (Euler-Poisson  problem)  is  under  consider.  In  case 
when  the  fixed  point  is  lie  on  a  principal  plane  the  equations  of  motions  admit  the  particular  solution  which 
represents  the  pendulum  motions  (Mlodzeevsky  solution).  In  terms  of  the  theory  of  dynamical  systems,  these 
motions  represents  the  solution  which  is  symmetric  with  respect  to  the  set  of  fixed  points  of  reversible  system. 
This  fact  allows  us  to  research  the  characteristic  measures  of  pendulum  motions. 
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BIFURCATION  ANALYSIS  OF  G RAVI-MAGNETIC 
INTERACTIONS  FOR  SPIN-ORBIT  EVOLUTION  OF 
EXTRA-SOLAR  PLANETARY  SYSTEMS 

Gusev  A.V.,  Kitiashvili  I. 

Kazan  State  University,  Russia 

The  discovery  of  extra-solar  planets,  around  the  main  sequence  stars  and  around  the  pulsars,  has  attracted 
considerable  interest  to  the  cosmogonical  problems  connected  with  the  formation  and  early  evolution  of  planets. 
Now  are  discovered  200  exoplanets  in  164  planetary  systems  about  main  sequence  stars  and  4  planets  about 
pulsars  PSR  B1257+12  and  PSR  B1620-26.  Among  open  planetary  systems  18  are  multiplanetary,  into  their 
structure  are  including  41  exoplanets  and  3  brown  dwarfs.  Most  of  the  proposed  planets  move  around  the  stars 
of  the  main  sequence  with  a  spectral  class  F5  -  K5,  more  than  half  of  the  know  planets  have  a  large  eccentricity; 
the  circle  orbits  have  19  planets;  eccentricity  e  >  0.3  have  of  more  than  68  companions;  moreover  a  eight  of 
these  planets  have  an  eccentricity  of  more  than  0.5:16  CygB  (e  =  0.67),  HD  89744  (e  =  0,7),  HD  80606  (e  = 
0,927). 

Known,  that  the  Sun  and  some  planets  of  the  Solar  system  have  own  magnetic  field.  The  reason  of  formation 
coplanar  planetary  orbits  and  observable  distribution  of  the  moment  of  motion  is  the  influence  of  electromagnetic 
forces  at  early  stages  of  evolution  of  Solar  system.  Magnetization  of  the  central  body  of  planetary  system  is 
a  necessary  condition  of  formation  of  planets.  We  investigate  not  resonant  rotation  of  the  magnetized  along 
an  axis  of  symmetry  a  dynamically  symmetrical  exoplanet  in  a  magnetic  field  of  a  star  under  action  of  the 
gravitational  and  magnetic  moments,  take  into  consideration  also  effects  of  evolution  of  orbit. 

The  process  of  planetary  formation  is  significantly  determined  by  the  orbital-rotational  characteristics  of 
the  planet.  The  equations  describing  the  non-resonance  rotation  of  magnetized  along  the  symmetry  axis  of  a 
dynamically  symmetrical  planet  are  investigated  by  qualitative  analysis  and  bifurcation  methods.  Analysis  of 
gravi-magnetic  interaction  has  shown  that  a  direct  rotation  of  the  planet  may  be  passed  into  reverse  rotation 
and  vice  versa  for  a  rather  broad  range  of  the  parameters.  As  result  of  the  investigation  the  splitting  of  3D 
parameter  space  over  the  area  with  a  different  topological  structure  is  obtained  and  the  gallery  of  more  than  20 
phase  portraits  is  constructed.  Structure  of  phase  portraits  and  their  evolution  are  described  by  the  following 
properties:  1.  exists  two  or  four  states  of  equilibrium  (ES)  depending  on  a  ratio  of  parameters;  2.  in  result  of 
confluence  of  two  centers  and  saddle  located  between  them  appear  a  topological  saddle  or  a  center;  3.  in  during 
of  migration  or  bifurcation  of  ES,  one  of  equilibrium  states  is  constant. 

In  gallery  of  phase  portraits  exists  two  basic  types  of  bifurcations:  1)  formation  of  a  topologically  complex 
saddle  in  result  of  mixing  of  two  centers  and  a  simple  saddle;  2)  transition  from  a  complex  saddle  of  ES  to  the 
center.  If  gravitational  perturbations  are  dominant,  then  on  the  phase  sphere  exist  three  areas:  1.  area  of  reverse 
rotation  of  exoplanet;  2.  area  of  direct  rotation  with  an  opportunity  the  realization  of  regime  with  periodic 
change  of  direct  rotation  of  a  planet  to  reverse  rotation;  and  3.  area  libration  motion  of  a  vector  of  kinetic 
momentum  with  periodic  change  of  direct  rotation  to  reverse  motion.  When  magnetic  field  is  absent,  the  trace 
structure  illustrates  a  precession  of  the  vector  of  kinetic  moment  of  a  planet  around  the  normal  to  the  orbital 
plane.  Phase  portraits  demonstrate  behaviour  of  the  vector  of  kinetic  moment  of  a  planet  in  dependence  on  the 
all  possible  values  of  parameters  planetary  systems. 

These  portraits  illustrate  all  possible  spin-orbit  evolution  scenarios  of  extra-solar  planetary  systems. 
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THE  MOON:  SCIENTIFIC  ACHIEVEMENTS,  FUNDAMENTAL 
PROBLEMS,  INTERNATIONAL  PERSPECTIVES 

Gusev  A.V.,  Petrova  N.K. 

Kazan  State  University,  Russia, 

Invited  Professor  of  N AO J,  Japan 

In  the  report  it  is  supposed:  1)  to  give  the  modern  review  of  theoretical  researches  in  spin  —  orbital  movement 
of  the  Earth  —  Moon  system;  free  and  forced  physical  librations  the  multilayered  Moon;  2)  to  discuss  a  role  of 
resonant  effects  at  dissipation  of  internal  energy  in  a  lunar  core  and  a  mantle  due  to  solar  —  terrestrial  tidal 
interaction,  3)  to  describe  an  internal  structure  of  the  three-layer  Moon:  internal  rigid  Fe  core,  external  FeS  a 
liquid  core;  the  viscoelastic  mantle  on  the  basis  of  the  modern  seismic,  satellite  and  laser  data,  4)  to  present 
and  discuss  the  basic  problems  in  geophysics  and  celestial  mechanics  of  the  Moon,  5)  to  depict  lunar  programs 
of  leading  space  powers:  "SMART-1"  (ESA,  2003-2006),  "SELENE"  (JAXA,  August  2007),  "Chandrayaan" 
(CNRO,  2007),  "CHANG’E-I"  (CNSA,  2007),  "LRO"  (NASA,  October  2008),  "Luna  Glob  "The  Moon  -  2012+" 
(Russia,  2012),  paid  special  attention  to  the  lunar  program  "SELENE"  (Japan):  "RISE"  (2007),  "ILOM"  (2012) 
projects. 


To  the  Earth  direction 

► 


Surface  heat  flow:  13.1T6.9  mW  m 

_2 

Surface  gravity:  1.62  m  s  ' 
Average  density:  3344  kg  m  3 


far  side 


near  side 

Mean  radius  R=1738.09km 
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FREE  LIBRATION  PERIODS  IN  ROTATION  OF  THE 
EARTH-LIKE  PLANETS 

Gusev  A.V.,  Petrova  N.K. 

Kazan  State  University,  Russia 

For  a  planet  with  a  solid  inner  core  (SIC)  and  a  fluid  outer  core  (FOC),  there  are  four  rotational  normal  modes. 
This  numbers  is  reduced  to  two  for  a  planet  without  inner  core,  and  to  one  for  a  planet  without  liquid  core 
(Getino,  Ferrandiz,  1999;  Ferrandiz,  Barkin,  2001;  Defraigne  et  al.,  2003).  For  a  planetary  model  with  three 
homogeneous  ellipsoidal  layers  the  Hamiltonian  analytical  method  for  the  calculation  of  the  rotation  variations 


gives  magnitudes  of  these  normal  mode  frequencies:  they  may  be  derived  from  governing  equations,  they  depend 
on  a  presence  and  on  dimension  of  the  inner  core  within  the  outer  core,  of  their  dynamical  flattening.  All  types 
of  modes  are  result  of  non-coincidence  of  inertia  axes  of  mantle  (Am),  outer  (A  f)  and  inner  core  (A/).  The  total 
moment  of  inertia  of  a  planet  A=  Am+Af+Aj.  Modeling  of  free  rotation  of  the  earth- like  planet  was  carried 
out  in  the  frame  of  a  two-layer  model  -  fluid  core  and  elastic  mantle.  Periods  of  Chandler  Wobble  (CW),  Free 
core  nutation  (FCN)  were  estimated  for  the  Moon,  Mercury,  Venus,  Earth  and  Mars.  Dependence  of  the  core’s 
parameters  —  density,  radius  and  ellipticity  was  modeled  using  VBA-applications.  The  main  formulae  were 
obtained  in  the  Hamiltonian  approach  developed  by  Getino  (1995)  to  the  two/ three-layer  Earth.  The  numerical 
values  of  the  free  libration’s  parameters,  which  are  calculated  to  the  present  time  for  many  Earth-like  planets, 
are  presented  in  the  Table.  For  the  first  time  we  have  estimated  not  only  parameters  of  the  three-layer  Moon  but 
the  FCN-period  for  the  two-layer  model  of  the  Mercury  and  the  Venus  too,  taking  into  account  the  resonance 
3:2  for  the  Mercury.  Our  values  of  Pew  and  P fgn  are  in  accordance  with  the  results  of  other  authors. 


Planet 

A 

X, 

Q 

1  rev.  per 
planetary 
day 

Free  librations  periods 

References 

Pew 

433  d 

Lambert,  2006; 

Herring  etal.  2002; 

Ea-th 

1.12 

1 

Pfcn 

430.23d 

24/; 

Pficn 

445-737  d 

Getino  et  al.,  1997-2001; 
Ferrandiz,  Barkin,  2000. 

Picw 

896- 5764  d 

Pew 

190 -208  d 

Van  Hoolst  et  al,  2000; 

Defiant  et  al.,  2003 

Defraigne  et  al .,  2003 

Mars 

1.02-1.08 

1 

Pfcn 

230-280  d 

23  h 

Pficn 

360  -680  d 

Picw 

440 -1 150  d 

Pew 

74-75  yr 

Ecka-dt,  1981;Williams,  2001 

Moon 

1 .000065 

1 

Pfcn 

144-1 86  yr 

Petrova,  Gusev, 1 999,  Barki  n,  2004 

21d 

Pficn 

515  -  634  yr 

Gusev,  Petrova,  2004-2005 

Picw 

100- 108  yr 

562  - 1 033  yr 

Peale,  2005 

M  ercury 

1 

Pew 

964yr 

Rambaux,  Bois,  2004; 

1.68 

59  d 

101 3-1 01 7  yr 
501  -571 

Barkin,  2004; 

Gusev,  Petrova,  2005  -2006 

Pfcn 

472-538  yr 

Venus 

1.084 

1 

Pew 

45638-47245  yr 

Gusev,  Petrova,  2005-2006 

243  d 

Pfcn 

44284-45843  yr 
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INTERNATIONAL  CENTER  OF  SCIENCE,  EDUCATION  AND  INTERNET 
TECHNOLOGY  "KAZAN  -  GEONA  -  2010" 

Gusev  A.V. 

Kazan  University,  Russia 

For  the  further  successful  development  of  scientific- 
educational  and  innovative-technological  activity  of 
the  Russian  Federation,  the  Republic  Tatarstan, 

Kazan  is  offered  the  national  project  —  the 
International  Center  of  the  Science  and  the  Internet 
of  Technologies  "GeoNa"  (Geometry  of  Nature  — 

"GeoNa"  is  developed  wisdom,  enthusiasm,  pride, 
grandeur),  which  including:  original  designs  building 
"GeoNa"  —  "Lobachevsky’s  surface" ,  59  floors,  height 
215  m  (with  a  spike  302  m),  the  general  area  in 
148,000  sq.  meters,  a  modern  complex  of  conference 
halls  (up  to  4  thousand  seats),  center  the  Internet 
of  Technologies,  Computer  center,  3D  Planetarium, 
training  complex  "PhysicsLand" ,  active  museum 
of  natural  sciences,  cognitive  system  "Spheres  of 
Knowledge" ,  oceanarium  with  a  fresh- water  segment 
(5  million  liters),  botanical  and  landscape  oases,  business-hotel,  where  will  be  hosted  conferences,  the  congresses, 
fundamental  scientific  researches,  educational  activities  at  a  world  organizational  level. 

In  activity  of  center  "GeoNa"  is  planned:  the  organization  of  scientific  —  economic  forums,  scientific 
thematic  schools,  lectures  for  schoolboys,  students  and  post-graduate  students,  cycles  of  popular  scientific 
public  lectures,  presentation  of  the  international  scientific  and  innovative  programs,  modern  scientific  databases, 
exhibition  of  Hi-tech  equipment,  training  programs,  technologies  of  remote  education. 

Congress  center  "GeoNa":  Complex  of  buildings  (the  right  coast  of  Kazanka  river,  opposite  of  Kazan 
Kremlin)  includes  an  original  design  building  "GeoNa"  with  a  complex  of  the  specially  equipped  conference 
halls:  4000  seats  —  1  hall,  1000  seats  —  1  hall,  500  seats  —  2  hall,  250  seats  —  3  halls,  120  seats  —  4  halls,  60 
seats  —  6  audiences,  30  seats  —  10  audiences. 

Computer  center  "GeoNa"  and  Center  the  Internet  of  Technologies:  Modern  GRID-system  include 
separate  computers,  clusters,  local  networks,  supercomputers,  data  dases,  the  communications,  software  packages: 
40-Gb  liaison  channels,  processor  capacity  200  Teraflops  (2  1014  operations  in  a  second),  volume  of  disk 
memory  hundreds  of  PetaB  (1017  bytes),  inclusion  in  global  computer  infrastructure  GRID  —  EGEE  (Europe). 

PhysicsLand:  Cognitively  —  training  complex  for  children,  schoolboys,  students,  adult,  based  on  modern 
achievements  of  science  and  technology  and  their  three-dimensional  visual  and  sensual  perception.  The  complex 
will  contain  more  than  100  simulators  and  200  demonstration  automated  platforms:  Flight  on  the  Moon  and 
Mars,  Falling  in  Black  hole,  Birth  of  the  Universe. 

Active  Museum  of  Natural  Sciences:  Three-dimensional  material  and  visual  giants  of  an  extreme 
antiquity  full-scale  realize  the  classical  concept  of  a  museum  of  antiquities  on  a  modern  scientific  and  technical 
basis,  but  with  a  real  opportunity  touch  to  great  opening  of  the  History  of  Natural  Sciences  and  to  construct 
by  hands  a  History  of  the  ancient  Earth. 

Human,  Technologies,  Machines:  The  museum  gives  the  general  representation  about  techniques,  techno¬ 
logies  and  inventions  as  about  practical  application  of  a  science  for  satisfaction  of  daily  needs  of  the  people.  On 
expositions  of  a  museum  it  will  be  submitted  more  than  5000  exhibits:  working  models  and  stands  of  modern 
technologies,  multifunctional  robots,  3D  visualization  of  the  most  complicated  dynamic  processes  in  the  nature, 
a  science,  technique,  the  industries,  in  a  society. 

Contact:  http://www.geona.ksu.ru 
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3<Pd>EKTHBHOCTb  METO^A  AAAMCA-MYJITOHA  IIPM 
MATEMATHHECKOM  MO,ZI)EJIHPOBAHHH  ABH^CEHMH  MAJTbIX 

TEJ1  COJIHEHHOH  CHCTEMbI 

A6paMOB  B.B. 

CaMapcKuu  eocydapcmeennuu  mexHunecKuil  ynueepcumem,  Poccuh 

B  ,n,aHHOi"i  pa6oTe  6bmo  npoBe,n,eHO  uccjie^OBaHiie  34xf>eKTHBHOCTH  MHoromaroBoro  MeTO,n,a  A^aMca-MyjiTOHa 
npii  pemeHiiii  ypaBHeHHH  ^BioKeHinr  MajiBix  Ten  CojiHeHHoii  cncTeMBi  c  yneTOM  penJiTiiBiiCTCKiix  3(J>4)eKTOB. 
IIocKOJiBKy  MeTO,zi,  HBjiaeTCH  hcjibhbim,  Ha  Ka»moM  mare  m-icjieHHoro  HHTerpiipoBaHiiH  Heo6xo,n,HMO  pemaTB 
HejiHHeiiHoe  ypaBHem-ie,  HanpiiMep,  c  noMom,Bio  npe,a,HKTopHO-KoppeKTopHoro  MeTO,n,a: 

P  ■  Vnh  =  Vn  +  h  J2  Bif(xn-i,  yn-i ), 

i= 0 

E:  fn+l  =  f(xn+l,ynh), 

C  :  =  yn  +  WWo/i+i  +  h  ]T  Mif(xn+1-i,  yn+i-i), 

i= 1 

E:  f$1  =  f{xn+1,y(£i)), 

k 

C  Vn+i  =  l In  A  hAI()fn_^1  +  h  X!  Mif(xn+i—i,yn+i—i)  =  yn+ ii 

i—  1 

B  *  fn+ 1  =  /(*^n+l  5  2/n+l)? 

3,n,ecB  b  xanecTBe  HananBHoro  npii6jiii>KeHiiH  ncnojiB3yeTCH  3HaHemie,  nonyneHHoe  mcto^om  A^aMca-BsmcjjopTa. 

MHoromaroBBie  MeTO,n,bi  He  hbjijhotch  caMOCTapTyromiiMiicji,  ho  cymecTByiOT  hcckojibko  cnoco6oB  3aKjia,a,KH 
HanajiBHBix  3HaHeHHi"i  ^jih  3anycKa  anropiiTMa.  Mojkho  BHanane  i-icnojiB30BaTB  tot  nee  MHoromaroBBiii  MeTO,n, 
ho  MeHBinero  nopjmKa  tohhoctii.  0,n,HaKO  npii  uccne/tOBaHHii  3bojhoh,hii  opbiiT  MajiBix  Ten  Cojihchhoh  cncTeMBi 
c  noMorn,Bio  MeTO,n,a  A,n,aMca-MyjiTOHa  npe,n,noHTHTejiBHee  OKa3anacB  3aKjia,n,Ka  CTapTOBBix  3HaneHHH  c  noMorn,Bio 
o,n,HomaroBBix  mcto^ob  bbicokiix  nopjmKOB  annpoKCHMapiiH,  HanpiiMep  MeTO^a  9BepxapTa. 

MeTOfl  A,n,aMca-MyjiTOHa  11-ro  nopjmKa  Han6ojiee  acjxcjxeKTHBeH  npii  OTcyTCTBiiii  TecHBix  c6jiH>KeHHH  ne6ec- 
hbix  Ten  APyr  c  ^pyroM.  Pe3ynBTaTBi  BBiHHcneHHft  c  maroM  0,25  ,ii,hji  npaKTnnecKH  coBna,n,aiOT  c  pe3ynBTaTaMii, 
nonyneHHBiMH  mo/picJi h piipoBaH h bi m  MeTO,n,OM  9BepxapTa  27-ro  nopjmKa,  KOTopBie  b  cboio  onepe^B  cornacoBaHBi 
c  6a3oii  .gaHHBix  DE  405.  BBinucneHHBie  OTKnoHeHiui  b  nononceHinix  He6ecHBix  Ten  iiaxo^HTCH  b  npe^enax  toh- 
hocth  onTHnecKHx  Ha6mo^eHHH.  ITpii  stom  npopecc  Hiicnemioro  imTerpiipoBaHini  nponcxo,n,HT  npii6nn3HTenBHO 
b  4  pasa  6BiCTpee,  neM  c  noMOipBio  MeTO^a  9BepxapTa  c  maroM  1  ,n,eHB. 

ITpii  HaniiHHH  TecHBix  cbnioKeHHii  npneMneMBie  pe3ynBTaTBi  MoryT  6bitb  nonyneHBi  TonBKO  npii  ^.ocTaTOHHO 
cimbhom  yMeHBmeHHH  mara  imTerpiipoBaHini  b  MeTO^e  A,n,aMca-MynTOHa  h  yBeniiHeHiiii  nopjmKa  annpoKCii- 
MaHHH  flo  16-ro,  hto  bhobb  Tpe6yeT  3aKna,n,KH  Ta6niiii,Bi  i-mTerpiipoBaHi-ni.  0^,HaKO  KpaTKOBpeMeHHOCTB  TaKiix 
MOMeHTOB  He  iipuBO/mr  k  3HaHHTenBHOMy  yBenuneHiiio  o6m,ero  BpeMemi  BBiHiicniiTenBHoro  npopecca. 

PaboTa  BBinonHeHa  npii  cjnmaHCOBOH  no^mepncKe  Oe,n,epanBHoro  areHTCTBa  no  o6pa30BaHino  (npoeKT  PHIT. 

2.1.1.1689). 

Efficiency  of  Adams-Moulton  Method  in  Mathematical  Modelling 
of  the  Motion  of  Small  Bodies  of  Solar  System 
Abramov  V.V. 

Samara  State  Technical  University,  Russia 

In  this  research,  Adams-Moulton  multistep  method  efficiency  was  investigated  by  carrying  out  the  numerical 
integration  of  differential  equations  of  the  motion  of  small  bodies  of  Solar  system,  considering  influence  of 
relativistic  effects. 
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OB  yCTOnHHBOCTn  CTAIJHOHAPHBIX  ABH^CEHMH  CHCTEMBI 
CBH3AHHBIX  TEJI,  COAEP^AIIJHX  BPATTTATOTTmECST  POTOPBI, 

b  d;ehtpajibhom  iiojie 

AMejIbKHH  H.H. 

MocKoecKuu  <fiu3UK0-mexHUHecKuu  UHcmumym,  Poccuh 

PaccMaTpi-iBaeTca  cucTeMa,  cocTOHipan  H3  Hecymero  TBepporo  Tejia  h  ycTaHOBjieHHBix  na  nHxmHppHHecKHx  map- 
Hiipax  HecoMBix  Ten,  KOTopBie,  b  cboio  onepepB,  copepiKaT  poTopBi  c  iioctohhhbimii  ckopocthmi-i  co6cTBeririoro 
BparpeHiiH.  Ilpe^nojiaraeTCH,  hto  b  ochx  inapmipoB  MoryT  periCTBOBaTB  tojibko  noTeHipiajiBHBie  h  pnccHnaTHB- 
HBie  chjibi,  h  b  paMKax  orpaHi-iHemioH  3a,n,aHi-i  iiccjiepyiOTCH  CTapi-ioHapHBie  pbh>k6hhh  cncTeMBi  b  peHTpajiBHOM 
rpaBHTapHOHHOM  none  (nojio»ceHiiH  paBHOBeciiH  OTHOCiiTejiBHO  op6iiTajiBHoro  6a3i-ica). 

JXj ih  o6ipero  cjiynan,  Korpa  HecoMBie  Tejia  He  o6jiapaiOT  hi  c  tut  h  h  ec  ko  h  ,  hii  p  h  h  a  m  h  h  ec  ko  h  ypaBHOBemeHHO- 
ctbio  OTHOCiiTejiBHO  oceii  hx  noppecoB,  onpepejieHa  b  hbhom  Biipe  BcnoMoraTejiBHaa  cjiyHKpi-iH  V  (o6o6ipeHHaH 
SHepnia),  He  B03pacTaioipaH  Ha  pBiiJKeHiiHx  cncTeMBi.  IloKa3aHO,  hto  b  4m30B0M  npocTpaHCTBe  cncTeMBi  CTa- 
pi-IOHapHBIM  pBI-IJKeHI-IHM  COOTBeTCTByiOT  CTapi-IOHapHBie  TOHKI-I  (J)yHKH,HH  7,  a  B  npOCTpaHCTBe  o6o6m,eHHBIX 
KOoppimaT  —  CTapiiOHapHBie  tohkii  H3MeHeHHOi"i  noTeHpi-iajiBHoii  SHepri-iii  W,  3aBi-iCHipeii  ot  opiieHTapini  Hecy¬ 
mero  Tejia  h  yrjiOB  noBopoTa  HecoMBix  Text. 

IloxiyHeHBi  b  hbhom  Biipe  ajire6paiiHecKiie  ypaBHemiH,  onpepejiHionp-ie  Bee  mhojkcctbo  CTapi-iOHapHBix  pbii- 
>K6HHH  CI-ICTeMBI.  AHaXIH3  yCTOHHIIBOCTH  3TI-IX  pBHJKeHI-IH  CBOpi-ITCH  K  HCCJiepOBaHI-IIO  XapaKTepa  CTapi-IOHapHOCTH 
tjjyHKHHH  W.  AoCTaTOHHBIM  yCJIOBIIHM  yCTOHHIIBOCTH  nO  BCCM  (J>a30BBIM  nepeMCHHBIM  ypOBXieTBOpHIOT  TOHKI-I 
CTpororo  jiOKaxiBHoro  Mi-iHi-iMyMa  cjxyHKpi-n-i  W. 

IlpoBepeH  aHaxn-i3  paBHOBecHBix  KOHcjnirypapiiii  chctcmbi  pjin  cxiynaH,  Korpa  HecoMBie  Tejia  He  copepncaT 
BpaipaioipHxcH  poTopoB,  a  b  ochx  mapHiipoB  OTcyTCTByiOT  noTeHpuajiBHBie  ci-ijibi.  E[oKa3aHO,  hto  sti-im  koh- 
(f>i-irypapi-iHM  COOTBeTCTByiOT  CTapi-iOHapHBie  tohkii  6-ti-i  cjiyHKpHH,  hbjihkmpi-ixch  j t  h  h e h  h  bi m  h  KOMbiiHapiiHMii  c 
pejIOHI-ICJieHHBIMII  K03 (jxjl) H  H H e H rraM  H  rjiaBHBIX  peHTpajIBHBIX  MOMeHTOB  HHeppHH.  rtpil  3T0M  yCTOHHIIBBIM  KOH- 
cJn-irypapiiHM  COOTBeTCTByiOT  tohkii  CTpororo  MiiHiiMyMa  cJiyHKpHH  w  =  —2A  —  B  +  2 C,  rpe  A  >  B  >  C  — 
3aBiiCHiii,He  ot  yrjiOB  noBopoTa  hccombix  Texi  rjiaBHBie  peHTpajiBHBie  momchtbi  iiiieppuii  chctcmbi,  pacnojioiKeH- 
HBie  b  nopHpKe  y6BiBaHiiH.  JAjisi  njiocKoii  chctcmbi  Texi  ycTOiiHiiBBiM  KOHcJmrypapiiHM  COOTBeTCTByiOT  tohkii 
CTpororo  MaKCiiMyMa  cpepHero  MOMeHTa  HHeppHH. 

IlccjiepoBaHBi  nojioJKeHiiH  OTHOCiiTejiBHoro  paBHOBeciiH  cnyTHiiKa-riipocTaTa,  copepncaipero  opi-rn  pByxcTe- 
neHHOii  chjioboh  rupocKon,  pjin  cjiynan,  Korpa  ocb  paMKii  rupocKona  ycTaHOBjieHa  napaxuiejiBHO  opHoii  H3 
rjiaBHBix  peHTpaxiBHBix  oceii  HHeppHH  cnyTHiiKa,  h  b  stoii  ocii  MoryT  peiicTBOBaTB  tojibko  momchtbi  pucci-i- 
naTiiBHBix  chji.  HaiipeHBi  Bee  nojioJKemiH  paBHOBeciiH  cncTeMBi  b  3aBiiciiMOCTii  ot  BejiiiHiiHBi  KiiHeTiiHecKoro 
MOMeHTa  poTopa.  YcTaHOBjieHO,  hto  MiiHiiMajiBHoe  hi-icjio  nojio>KeHiiii  paBHOBeciiH  paBHO  32,  a  b  hckotopbix 
pnana30Hax  3HaHeHiiii  KiiHeTiiHecKoro  MOMeHTa  poTopa  mojkct  pocTi-iraTB  80.  OnpepejieHBi  TaK»ce  Bee  nojio- 
JKeHIIH,  ypOBJieTBOpHIOHl,I'ie  pOCTaTOHHBIM  yCJIOBIIHM  yCTOHHIIBOCTH.  Hx  HI-ICJIO  B  3aBHCHMOCTH  OT  napaMeTpOB 

chctcmbi  paBHO  jih6o  4,  jn-160  8. 

PaboTa  BBinojiHeHa  npn  cjnmaHCOBOH  noppepiKKe  AHajiiiTiiHecKOH  pejieBoii  nporpaMMBi  Poco6pa30BaHi-iH 
«Pa3BiiTiie  HayHHoro  noTeHpuajia  BBicmeii  hikojibi  (2006-2008) »,  npoeKT  Ne  6827. 


Stability  of  Stationary  Motion  of  a  Body-Linked  System, 
Containing  Rotors,  in  a  Central  Gravitational  Field 

Amelkin  N.I. 

Moscow  physical-technical  institute,  Russia 


Stability  of  equilibrium  of  a  satellite,  containing  passive  two-degree  of  freedom  power  gyroscopes,  is  considered. 
The  solution  of  a  problem  for  the  satellite  with  a  single  gyroscope,  which  axis  of  precession  is  parallel  with  a 
major  axis  of  inertia,  is  given. 
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HHEPIJHOHHOE  BbICOKOTOHHOE  yilPABJTEHHE  CnYTHHKOM 
HAB.rTTO  JTEHBST  nPH  HEOIIPE^EJlEHHOCTn 

AcJ)aHact.eB  B.A.,  ^erTapeB  r.Jl.,  Mein,aHOB  A.C.,  Cnpa3eT,zi,HHOB  T.K. 

Ka3ancKuu  eocydapcmeennuu  mexHUHecKuu  ynueepcumem  um.  A.H.  Tynojieea,  Poccuh 

PaccMaTpi-maiOTCH  ypaBHemisi  yraoBoro  ^BioxeHHM  cnyTHi-iKa  HaftjiKyteHiiH  (CH)  c  yueTOM  HHeppHOHHOCTH 
ynpaBjiHK>m,ero  npiiBO,n,Horo  ajiexTpoMarHiiTHoro  ycTpoiicTBa  (3MY): 

x  =  (fo(x)  +  A  +  ( B0  +  A  B(t))u  +  (D0{x)  +  AD(x,t)(F0(p,'d)  +  A  F(t)),  (1) 

r,n,e  x  =  (aq, . . . ,  x$)T  —  {T,ejlp,ip,uiii,,'d,u>p,m3i,m.32,m33)T  h  nepBBie  mecTB  xoop/yiHaT  hbjihiotch  yrjiaMH 
Dftjiepa  h  hx  ii  p  o  h  3  b  o/t  h  bi  m  h  ,  a  Tpn  nocjieq,Hiix  h  h ep n h o h  h  bi m  h  y  1 1  pa b j i h  to  1  hh m  h  MOMeHTaMii  ot  3MY,  u  —  Bex- 
TopHoe  TpexMepHoe  ynpaBjieHiie  (Hanpaxemra,  no,n,aBaeMBie  Ha  iineppiiOHHBie  xaTymxii  no  TpeM  ochm  CBH3aH- 
Hoii  ci-iCTeMBi  xoop/pmaT) ,  A/,  A B,  AD  h  A F  -  napaMeTpiiHecxiie  (pa36poc  momchtob  HHepuHH,  hoctohhhbix 
BpeMemi  h  xoscjrcjrimHeHTOB  nepe^an)  h  TpexMepHBie  BHemmie  Heonpeq,ejieHHBie  (ciimboji  «A»)  orpaHiiueHHBie 
B03MymeHiia  (cBeTOBoe  h  aspo/piHaMHuecxoe  ^aBjieHi-ie,  co6cTBeHHBii“i  MarmiTHBiH  momcht  CH),  Fo((p,iI)  - 
HOMiiHajiBHaa  (ciimboji  «0»)  rpaBiiTapiiOHHaH  cocTaBjiaromaa. 

3a^,ana.  Haft™  ynpaBjieHiie  u,  npiiBO^,ain,ee  CH  c  Tpe6yeMOi"i  tohhoctbio,  3a  Tpe6yeMoe  BpeMa  h  c  Hyjie- 
bbim  nepeperyjnipoBaHiieM  b  3a^,aHHoe  KOHenHoe  cocTOHHiie  (p{tk),  vJv(tk),  tpftk),  x>^(tk))T  c  Hy- 

jieBBiMii  KOHenHBiMii  CKopocTHMii  ii  ycxopeHiiHMii  ii  c  HyjieBBiMii  ycTaHOBiiBHiiiMiiCH  OTKJ10H6H11HM11  no  yrjiaM 
Ayj(oo)  =  <^(00)  —  1 p(tk)  =  0,  Aif(oo)  =  ip{ 00)  —  ip{tk)  —  0,  Ad(oo)  =  $(00)  —  $(£*,)  =  0. 

MeTO^i,  pemeHiia  /jaHHoft  3a^,anii  ocHOBaH  Ha  npHMeHeHHH  pa3pbiBHoro  ynpaBjieHiia  na  cxojib3jhjj,hx  pe- 
>k  h m ax .  Tax  xax  ycjiOBiisi  hx  HHBapiiaHTHOCTii  x  nepeuiicjieHHBiM  B03Mym,eHHHM  b  cucTeMe  (1)  He  BBinoji- 
HaiOTca,  to  npe^jiaraeTca  ee  axBHBajieHTHoe  npeo6pa30BaHiie  b  xoop,a,HHaTBi  BexTopa  y  =  (j/i, . . . ,  yg)T  = 
{if,  LUp,  zv,  ’ll),  LO^p,  Zj/j,  A  <jj&,  z$)T ,  b  xoTopBix  CiiCTeMa  (1)  npeo6pa3yeTca  x  TpeM  no^CHCTeMaM  cjropMBi  Opo6e- 
Hiiyca  c  h e j i h h e h h oc th m  11 ,  ynpaBjieHiiaMH  h  B03MymeHiiaMH  b  TpeTBeM,  rnecTOM  h  .geBHTOM  ypaBHeHiiax: 

V  =  (Mv)  +  A$(j j,h))  +  H0{p,‘®)u+  {Po{v,ui(n'd,u){,)AFlyt)  +  R0(ip,'&)AF(t)  +  h(x,t,u)),  (2) 

r^e  HeHyjieBBie  ajieMeHTBi  b  h(x,  t,  u)  aBjiaiOTca  npoii3BO,n,HBiMH  HeHyjieBBix  ajieMeHTOB  BexTopa  Heonpe^eaeHHBix 
B03Mym,eHHH  h(x,t,u)  =  A  f{x,t)  +  AB{t)u  +  AD(x,  t)(F0(ip,  fl)  +  A F(t))  b  (1). 

noxasaHO,  hto  b  cxojiBHteHini  Ha  TpexMepHOM  MHoroo6pa3iiii  nepeceneHiia  Tpex  rainepnjiocxocTeft 
S(s  =  (s1,s2,s3)T  =  CAy  =  0),  Si  =  C,  Ay,  i=  1,3,  r^e  Ay=y-y(tk),  y{tk)  =  (<p(tk),  0, 0,  ip(tk),  0,  0,  0,  0)T, 

Ci  =  (cy, cUif , cZv> , 0, 0, 0, 0, 0, 0) ,  C2  =  (0,0, 0,00,^,^, 0,0,0),  C3  =  (0,0,0, 0, 0,0, c^, c^,c2fl)  BBinoaHaioT- 
ca  ycaoBiia  HHBapiiaHTHOCTii  h  BsaiiMHoii  ceaexTiiBHOii  HHBapiiaHTHOCTii  Tpex  rpynn  xoop,a,HHaT  BexTopa  y,  b 
pe3yjiBTaTe  aero  CiiCTeMa  ypaBHeHHH  cxoaB3aiii,ero  peati-ma  oxoHaaTeaBHO  npiiHiiMaeT  bh^  Tpex  He3aBiiciiMBix 
no^cucTeM  BToporo  nopa,a,xa: 

T  —  tXcp?  —  Zcp  —  C(pT  F  c<pPk\ 

Cijj  —  Zip  —  Cip'lp  **|“  Ciplpki 

■&  =  Z$  =  -CX&  -  +  Cff #fc. 

noayaeHBi  MeTO^Bi  Haxo>xyi,eHHa  K03<.)x})iinHeHrroB  MaTpupBi  C  no  3a^,aHHOMy  xanecTBy  cxojib3am,ero  pe- 
>x h m a  h  pa3pBiBHoro  ynpaBaeHiia,  npiiBO^amero  cucTeMy  b  cxoaBixemie  3a  Tpe6yeMoe  BpeMa.  CHiDKemia 

SHaaeHHH  ynpaBaemiH  npn  cpaBHiiTeaBHO  6oaBmiix  3HaneHiiax  npiiBe^eHHoii  (cyMMapHoft)  neonpe^eaeiiHOCTii 
b  cucTeMe  (2)  npe^aaraeTca  MeTOfl  ee  iifleHTiicjuixapHii  c  nepexo^OM  x  nocTpoemno  paspniBHoro  ynpaBaeHiia  b 
HOMiiHajibHoii  cucTeMe. 

Pa6oTa  no^nepixaHa  Pocchhcxhm  (J)oh,ii,om  4>yH,a,aMeHTaaBHBix  uccae^OBaHiiii  (06-01-00806). 

Inertial  High-Precision  Control  of  an  Observation  Satellite  under  Uncertainty 

Afanasyev  V.A.,  Degtyarev  G.L.,  Meshchanov  A.S.,  Sirazetdinov  T.K. 

Kazan  State  Technical  University  named  after  A.N.  Tupolev,  Russia 

A  system  of  differential  equations  is  considered  that  presents  angular  motion  of  an  observation  satellite  (OS) 
with  a  driving  electromagnetic  device  (ED)  and  without  any  control  engine  in  the  flywheel.  We  have  taken  into 
account  the  ED  response  time  and  calculated  uncertain  limited  external  and  parametric  disturbances  constantly 
affecting  the  OS  control  system  (CS).  A  problem  has  been  resolved  how  to  construct  a  vector  discontinuous 
control  that  drives  the  OS  CS  in  the  sliding  mode  that  is  invariant  to  disturbances  affecting  angles  and  their 
first  and  second  derivatives.  Some  quality  performances  are  ensured  which  are  required  under  the  OS  control, 
orientation  and  stabilization  conditions  with  zero  overshooting  and  a  steady-state  error.  A  method  is  proposed 
to  identify  uncertain  disturbances  in  order  to  decrease  energy  consumption  demanded  for  controlling  in  the  ED. 


HEBECHAH  MEXAHHKA 


187 


AHAJTH3  METO^OB  OTTPE7TE.TTEHM ST  B03MYLLi;EHHbIX  OPEHT 
ABOHHbIX  3BE3A  nO  n03HIi;H0HHbIM  HABJlIOAEHnaM 

Ban,zi,HH  A. 3. 

flpocjiaecKuu  eocydapcmeennuu  nedazoeuuecKuu  ynueepcumem  um.  K./f.  YmuHCKOso,  Poccuh 

B  pa6oTe  Be^eTCH  HCCJieAOBamie  KiiHeMaTiiKii  BH3yajibHO-ABOHHbix  3Be3A-  Ebijih  3anporpaMMiipoBaHbi  Tpn  Me- 
TO,a,a  onpe^ejieHHH  opbiiT  3Be3A  no  no3iin,noHHbiM  Ha6jnoAeHiisiM  (p  n  9)  h  MOMemaM  BpeMemi.  Hcnojib30Bajincb 
AaHHbie  ueTBepToro  HHTep4)epoMeTpiinecKoro  KaTajiora.  A™  cpaBHemia  KanecTBa  pe3yjibTaTOB  6pajincb  3jie- 
MeHTbi  op6nTM,  onpe,n,ejieHHbie  p,pyniMH  aBTopaMH,  H3  mecToro  KaTajiora  op6iiT  XapTKoncjm  h  MsilcoHa.  Pa3- 
pa6oTaHbi  MeTop,bi  onpep,ejieHHH  bokobbix  B03Mym,emiH  nepnacTpa,  jihhhh  y3JiOB  n  iiepnoAH'iecKnx  B03MymeHnii 
6ojibinoi“i  nojiyocii  op6i-iTbi.  Hcnojib3yH  nepiio^iinecKiie  B03Mym,emi5i,  6bijih  opeHeHbi  napaMeTpbi  npe,n,nojiarae- 
MblX  HeBHflHMbIX  Tejl  B  ^BOHHblX  CHCTeMaX. 

MeTO,n,bi  onpe,n,ejieHii5i  op6iiT,  npiiMemieMbie  b  HCCJieAOBamiHx: 

1.  r eoM errp h  ' rec k h  h  mgtop,.  Hcnojib3yeT  ypaBHemie  KpiiBoii  BToporo  nopAAKa,  nocjie  npiiMeHemiH  MeTop,a 
HaHMeHbinnx  kb aAP aTOB  p,aeT  cucTeMy  jniHeiiHbix  ypaBHemiii.  YpaBHemni  He  cop,ep»caT  MOMeHTOB  BpeMemi, 
KOTopbie  onpe^ejimoTCH  ropa3p,o  TOHHeii.  MeTOA  o6pa6aTbiBaeT  Ay™  Jiio6ofi  ajihhbi  sjuninTiinecKoro  n  ramep- 
6ojinnecKoro  abh>k6hhh,  iiCKjnonaji  ppa,  cjiynaa  c  SKcpeHTpuciiTeTaMii  (tohho  paBHbiMii)e  =  0  n  e  =  1.  Jpnsi 
coBpeMeHHbix  iiHTep4)epoMeTpnnecKnx  Ha6jnoAemiH  MeTOA  a&bt  yAOBjieTBopiiTejibHbie  pe3yjibTaTbi.  HanpiiMep, 
AJin  op6iiTbi  HR  1331  (51  Tau),  BnepBbie  pa3pemeHHOii  MaKaniiCTepoM  b  1975  r.,  onpeAeJiemiOH  reoMeTpuue- 
CKiiM  MeTOAOM,  nojiyneHbi  cpeAneKBaApaTiinHbie  OTKjiOHemiH  ag  =  3°. 37  n  ap  =  6". 36  x  10-3.  no  sjieMeHTaM 
op6iiTbi  mecToro  KaTajiora  op6iiT  onpeAeneHO  ag  =  2°. 40  n  ap  =  6". 38  x  10-3. 

2.  KiiHeMaTH'iecKHH  mctoa,  ncnojib3yioni,nii  3aKOii  njioru,aAeii.  Pa3AeJiemie  b  stom  cjiynae  npiiMemieTCJi 
tojibko  ajih  onpeAejieHiiH  6ojibmoi“i  nojiyocii  n  npiiAamiH  OAimaKOBoro  Beca  Ha6jnoAemiHM  (ohiii6kii  b  onpe- 
AejieHiin  9,  KorAa  pa3AeJiemi5i  OTjmnHbi,  He  hbjijhotch  paBH03HauHbiMH  rjih  3aKOHa  njiom,aAeii,  nosTOMy  ecjni 
He  BbipoBHHTb  Bee  iiabjnoAeHmi,  sjieMeHTbi  op6iiTbi  ne  A^Ayr  MHHHMajibHO  B03MO>KHoe  cpeAHeKBaApaTiiHHoe 
OTKjiOHeiine  ag).  MeTOA  pafioTaeT  Ha  Ayrax  6ojiee  nojiyo6opoTa,  o6pa6aTbiBaeT  sjuiiinTHHecKiie  h  rnnep6ojiii- 
necKiie  op6iiTbi,  iiCKjnoHaH  e  =  0  h  e  «  1.  DjieMeHTbi  op6iiTbi,  onpeAeJieHHbie  stiim  mctoaom,  ne  ycTynaiOT  b 
tohhocth  3jieMeHTaM,  npeACTaBjieHHbiM  b  mecTOM  KaTajiore  op6iiT.  HanpiiMep,  rjir  ADS  17175  ag  =  1°.99  h 
a p  =  2". 98  x  10-2,  a  rjisi  sjieMeHTOB  op6iiTbi  mecToro  KaTajiora  ag  =  3°. 09  h  ap  =  2". 95  x  10-2. 

3.  K ii HeM ar h ' i ec k h ii  mctoa,  ncnojib3yioiii,HH  ypaBHeHiie  Kenjiepa.  B  stom  cjiyuae  pa3pa6oTaHbi  MeTOAbi, 
onpeAeJiJHom,iie  B03Mym,emibie  op6iiTbi:  a)  c  yueTOM  ABiiJKemDi  nepnacTpa  (a/);  6)  c  yueTOM  ABiuKemiH  nepnacT- 
pa  ii  jihhhh  y3JiOB  (u/  ii  O').  MeTOA  pafioTaeT  na  Ayrax  6ojiee  o6opoTa  (npiiMemiM  tojibko  rjih  sjuiiinTHHecKiix 
op6iiT),  He  ycTynaeT  b  tohhocth  sjieMeHTaM  mecToro  KaTajiora.  B  pe3yjibTaTe  micjieHHbix  SKcnepiiMeHTOB  c 
3TajiOHHbiMii  op6iiTaMH  6buio  noKa3aHO,  hto  npn  Hajn-iHi-iH  omn6oK  ±2°  b  onpeAeJiemin  no3i-m,HOHHbix  yrjiOB  ( 9 ) 
ABiixceHiiH  nepnacTpa  h  jihhhh  y3JiOB  onpeAeJimoTCH  c  norpemHOCTbio  MeHee  ±0.01°/god  HccjieAOBamisi,  npo- 
BeAeHHbie  Ha  peajibHbix  op6iiTax  ADS  490,  3064,  3475,  10786  h  HR  1331,  noKa3ajin:  1)  BeKOBbie  B03Mym,emisi 
ABOiiHbix  3Be3A  HMeiOT  nopsiAOK  ~  0.01  ° / zod\  2)  /ZBH>KeHHe  nepnacTpa  h  jihhhh  y3JiOB  moject  iiMeTb  npoii3- 
BOJibHoe  HanpaBjieHHe,  h  He  3aBHCHT  ot  HanpaBjieHiiH  op6iiTajibHoro  ABH>KeHHH  3Be3Abi;  3)  H3  npiiMepHoro 
paBeHCTBa  abh>k6hhh  nepnacTpa,  onpeAejiemioro  mctoaom  (a),  h  cyMMbi  abh>k6hhh  nepnacTpa  h  jihhhh  y3JiOB, 
onpeAeJieHHbix  mctoaom  (6),  cjieAyeT  peajibHOCTb  abh>k6hhh,  OTjniHHoro  ot  op6iiTajibHoro,  noBopaHHBaiomero 
C  yrjIOBbIMH  CKOpOCTHMH  ~  0.01°/g Od  Op6lITbI  ABOIIHBIX  3Be3A- 


Analysis  of  Methods  of  Determination  of  Perturbed  Orbits  of  Double 
Stars  Based  on  Positional  Observations 

Baidin  A.E. 

Yaroslavl  state  pedagogical  university  n.  K.D.  Ushinsky,  Russia 

In  the  present  work,  investigation  of  methods  of  calculation  of  visual-double  stars  orbits  are  presented.  Three 
methods  of  determination  of  star  orbits  on  positional  measurements  p,  9  and  to  the  moments  of  observations 
are  considered.  The  data  of  the  fourth  interferometric  the  catalogue  are  used.  For  comparison  of  results  the 
orbital  elements  determined  by  other  authors,  from  the  sixth  catalogue  of  orbits  Hartkopf  and  Mason,  are  used. 
Methods  of  determination  of  secular  perturbations  of  periastron,  ascending  node  and  periodic  perturbations  of 
semimajor  axis  orbits  are  developed. 
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KBA3HCJlYHAnHbIE  ,H;BH>KEHH5I  B  OrPAHHHEHHOH  3A^AHE 
TPEX  TEJ1  H  TPAEKTOPM  ACTEPOH^A  99942  APOPHIS 

BamaKOB  A. A.,  IlHTt>eB  H.II.,  Cokojiob  JI.JI. 

A crripoHOMUHexKuu  uHcmumym  um.  B.B.  CoSojieea  CIJ6ry,  Poccuh 

AcTepoi-m  Apophis  o6paTiiji  Ha  ce6 h  BHiiMaHiie  cpa3y  nocjie  otkpbithh  b  2004  ro,n,y  bo3mo>khoctbio  KaTacTpo- 
cjjiiHecKoro  coy^apeHiia  c  3eMjiei"i  b  anpejie  2029  ro,a,a.  Ha  cero,a,HH  ycTaHOBjieHO,  hto  b  anpejie  2029  ro,a,a  6yn,eT 
HMeTh  MecTO  c6jiii>KeHHe  Ha  paccTOHHi-ie  36-37  tbichh  km.,  a  He  coyn,apeHi-ie.  O^HaKO  bo3mo>kho  coy^apeHne 
(hjih  TecHoe  cbjiioKemie)  y»ce  b  anpejie  2036  ro^,a.  Pa3MepBi  acTepon^a  cocTaBjunoT  HecKOJiBKO  coTeH  MeTpoB, 
noaTOMy  flonycTHTB  sto  MajiOBeposiTHoe  co6BiTiie  HejiB3H  h  Apophis  ocTaeTCH  o^hi-im  h3  caMBix  onacHBix  AC3. 

PaccMaTpiiBaiOTCH  pasjniuHBie  cpeHapini  ^HHaMH'iecKOH  3bojiioh,hh  Apophis  b  paMKax  cero^HamHeii  toh- 
hoctii  3HaHHH  ero  op6i-iTBi.  PacceHHHe  npn  c6jihjk6hhh  2029  ro^a  Be^eT  k  3aMeTHOi"i  noTepe  tohhocth,  a  bo3- 
MO>KHoe  c6jiii>KeHHe  b  2036  ro,ny  momt  npiiBecTii  Apophis  b  o6jiacTB  He^eTepMHHiipoBaHHoro  /^bhjkchhm.  Aa3 
Haxo»pi,eHH5i  onacHBix  TpaeKTopnii,  Be^yipiix  k  tcchbim  c6jin>KeHHHM  h  coygapemuiM  c  3eMjiei"i,  iicnojiB3yeTCH 
annapaT  KBa3iicjiyHaiiHBix  flBHJKeHHH,  pa3pa6oTaHHBii“i  B.M.  AjieKceeBBiM.  A113  nocTpoeHira  npoMe»cyTOHHBix 
KBa3HCJiyHai“iHBix  flBHiKeHHH  npi-iMeHHeTCH  MeTOfl  ToneHHBix  rpaBHTapiiOHHBix  ccjiep.  C  i-icnojiB30BaHi-ieM  nojiy- 
HeHHBIX  aHajII-ITHHeCKH  npOMexyTOHHBIX  ^BHHCeHHH  6bIJIH  HIICJieHHO  nOCTpOeHBI  TpaeKTOpiIII  TeCHBIX  c6jIH>Ke- 

Hini  h  coy^apeHHii  acTepon^a  c  3eMjiei"i  b  2037,  2038,  2039,  2040  ro^ax.  npiiMeHsuiCH  iiHTerpaTop  9BepxapTa  h 
coBpeMeHHBie  MO^ejin  Cojihchhoh  cucTeMBi  DE403,  DE405. 

PaSoTa  BBinojiHeHa  npn  cjumaHCOBOH  no,imep}KKe  PoeciiiiCKoro  OoH^,a  OyH^aMeHTajiBHBix  Hccjie^OBaHiiii 
(rpaHT  05-02-17408)  h  Be^ymeii  Haymow  IIIkojibi  (rpaHT  HIII-4929.2006.2). 


Quasirandom  Motions  in  the  Restricted  Three-Body  Problem 
and  Asteroid  99942  Apophis  Trajectory 
Bashakov  A. A.,  Pitjev  N.P.,  Sokolov  L.L. 

Sobolev  Astronomical  Institute,  SPbGU,  Russia 

Asteroid  Apophis  attracted  attention  immediately  after  its  opening  in  2004  due  to  a  possible  catastrophic 
collision  with  the  Earth  in  April  2029.  At  present,  the  approach  up  to  36000-37000  km  (not  a  collision)  in 
2029  has  been  determined.  After  possible  approach  to  the  Earth  in  April  2036,  the  Apophis  trajectory  may  be 
undeterminable.  To  describe  possible  chaotic  trajectories,  we  use  the  concept  of  quasirandom  motions,  elabo¬ 
rated  by  V.M.  Alexeev.  For  the  intermediate  quasirandom  motions  construction  we  use  point-like  gravitation 
sphere  method.  Trajectories  having  close  approaches  and  collisions  Apophis  with  the  Earth  in  2037  and  later 
have  been  found  analytically  and  numerically. 
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HCCJIEAOBAHHH  OPEHTAJIbHOK  3BOJHOIi;nH  ACTEPOH/JOB, 
CB.m/T>K  A  TOTTmXC  ST  C  3EMJTEH  H  HAXO^aillHXCa 
B  OKPECTHOCTH  PE30HAHCA  3/1  C  lOIIHTEPOM 

BbiKOBa  Jl.E. 

HHH  npuKAadnou  MameMamunu  u  Mexanunu  Tomckozo  zocynueepcumema,  Poccuh 

B  paboTe  npepcTaBjieH  o63op  nojiyueHHbix  HaMi-i  paHee  h  hobbix  pe3yjiBTaTOB  uncjieiiHoro  HeejrepOBaHHH  op- 
6iiTajiBHoii  3bojiioii,hh  acTepoiipoB,  c6jin>Kaioiii,iixcH  c  3eMjieft  (AC3)  h  pBHJxyipnxcji  b6jih3i-i  pe30HaHca  3/1  c 
lOmiTepoM.  H3yueHiiio  3Toro  pe30HaHca,  cooTBeTCTByroipero  opHOMy  H3  jiiokob  KupxBypa,  nocBHipeHO  MHoro 
pa6oT  (cm.  o63op  [1]).  OpHaxo  pe30HaHCHbie  pBinxemra  AC3  po  ci-ix  nop  Majio  H3yneHBi  b  OTjninne  ot  acTepo- 
upoB  rjiaBHoro  noaca.  Ifejib  paHHoii  paboTbi  —  H3yniiTB  opbiiTajibHoe  noBepemie  Taxux  AC3  na  HHTepBajiax 
BpeMemi  nopppxa  Hecxojibxiix  tbichh  jieT,  uccjiepoBaTb  ycTOimiiBOCTb  pe30HaHCHbix  xoHcjjHrypapHH  «acTepo- 
np  —  K)niiTep»  h  bjihhhhc  3Toro  pe30HaHca  Ha  peryjiapHOCTb  hjih  xaoTiiHHOCTb  pbhjkchhm  acTepoiipoB. 

Bee  uccjiepoBaHiiH  BbinojiHujiiicb  '  1  h  c  j  re  h  h  bi  m  h  MeTopaMH.  TexHOJion-iH  nccjiepoBaHHH  ocHOBaHa  Ha  nocTpoe- 
hhh  o6jiacTeii  bo3mo>khbix  pBH>KeHHri  acTepoiipoB.  xajxporo  o6T>exTa  CTpoiuiacb  HanajiBHaa  BeponTHOCTHaa 
o6jiacTB  Ha  ocHOBe  opeHOx  HauajiBHbix  napaMeTpoB  opbiiTbi  h  xoBapiiapiioriHOH  MaTpupbi  hx  ohiii6ok,  nojiyueH- 
hbix  H3  aHajiH3a  HMeroiHHxcH  Ha6jnopeHiiii  MeropoM  HaHMeHbiHiix  xBappaTOB.  AHajni3  jin6paii,HOHHbix  pbhjkchhh 
AC3  BbinojiHHjiCH  c  noMorpbio  H3y'ieHHH  noBepemra  pe30HaHCHbix  xapaxTepiiCTiix.  9bojhoh,iih  ocxyjnipyiomHx 
KenjiepoBCKiix  sjieMeHTOB  h  pe30HaHCHbix  xapaxTepncTHx  paccMaTpiiBajiacb  pjia  xa>xporo  iiccjiepyeMoro  o6t>- 
eKTa  h  cooTBeTCTByiomiix  aHcaM6jieii  H3  100,  500  hjih  1000  TecTOBbix  HacTi-ip. 

B  OKpecTHOCTb  pe30HaHca  3/1  c  lOm-iTepoM  no  paHHbiM  o  napaMeTpax  op6i-iT  H3BecTHbix  AC3  (Ha  Hanano 
2006  r.)  nonapaeT  90  AC3.  HccjiepoBaHiiH  o6jiacTeii  B03MO>xHbix  pbh>k6hhh  Bcex  90  o6T>exTOB  na  HHTepBajiax 
BpeMeHii  nopppxa  6000  JieT  no3BOJiiijiH  cpejiaTb  cnepyioipi-ie  BbiBopbi.  Bojibme  nojiOBHHbi  (49)  H3  paccMOTpeHHbix 
acTepoiipoB  HMeiOT  neHapexoibie  op6iiTbi  h  cooTBeTCTBeHHO  6ojibmiie  o6jiacTii  B03MO>xHbix  pbh>k6hhh.  Hccjie- 
poBaHiie  3bojiioh,hh  TaKi-ix  6ojibHHix  o6jiacTei"i  He  npoacHsieT  ciiTyapino  o  3axBaTe  hjih  He  3axBaTe  b  pe30HaHC, 
Tax  xax  b  3THX  o6jiacTHx  MHoro  xax  pe30HaHCHbix,  Tax  h  nepe30HaHCHbix  TecTOBbix  'tacrine  28  acTepoiipoB 
3axBaneHbi  b  pe30HaHC,  nocxojibxy  stii  AC3  BMecTe  c  hx  TecTOBbiMii  uacTHpaMH  coxpaHHiOT  ycTOiiuiiByio  xoh- 
cjDiirypapiiio  «acTeponp  —  IOnHTep»  h  HMeiOT  peryjiapHbie  jin6paii,HOHHbie  pBH>xeHiiH  c  Majioii  hjih  cpepHeii 
aMnjiiiTypoii  oxojio  3HaneHiDi  tohhoii  coii3MepiiMOCTH.  OcTajibHbie  acTepoupbi  HMeiOT  npepejiBHO  6ojibmyio  aM- 
njiiiTypy  jiiiGpapiiH,  hx  pe30HaHCHoe  pBinxemie  HeycTOiiuiiBO.  9th  o6T>exTbi  pBiixcyTCJi  b  oxpecTHOCTii  pe30HaHca 
c  lOniiTepoM,  no  He  3axBaneHbi  b  pe30HaHC.  Moxcho  cxa3aTb,  hto  hx  pBii>xeHiie  hociit  xaoTH'iecxHii  xapaxTep. 

PaboTa  BbinojiHeHa  npn  (frimaHCOBOii  noppepxcxe  POOH,  rpaHT  X2  05-02-17043. 

JlHTepaiypa 

[1]  Moons  M.  Review  of  the  dynamics  in  the  Kirkwood  Gaps  //  Celest.  Mech.  Dyn.  Astron.,  1997.  V.  65.  P.  175-204. 


The  Investigations  of  NEAs  Orbital  Evolution  in  the  Vicinity 
of  3/1  Resonance  with  Jupiter 

Bykova  L.E. 

Applied  Mathematics  and  Mechanics  Institute,  Tomsk  State  University,  Russia 

The  review  of  our  previous  and  new  investigations  of  the  NEAs  dynamics  in  the  vicinity  of  3/1  resonance  with 
Jupiter  is  presented.  The  technique  of  the  investigation  of  NEAs  orbital  evolution  have  been  developed  by  the 
author  on  the  base  of  the  construction  of  possible  motions  domains  of  asteroids.  All  investigations  were  carried 
out  by  numerical  methods. 
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HCCJIEAOBAHHE  XAOTHHECKOK  flHHAMHKH  ACTEPOH^OB, 
CBJin^CAIOmnXCa  C  3EMJIEH,  B  OKPECTHOCTH 
OPBnTAJIbHbIX  PE30HAHC0B 

BbiKOBa  JI.E.,  rajiymHHa  T.KD. 

HHH  npuKAadnou  MameMamunu  u  Mexaminu  Tomckozo  zocynueepcumema,  Poccuh 

Pa6oTa  nocBameHa  iiccjie^OBaHiiro  ,a,eTepMiiHiipoBaHHoro  xaoca  b  opdiiTajiBHOM  ^bh>k6hhh  acTepoimoB.  Oco6bii"i 
riHTepec  c  stoii  tohkh  3pemiH  npe,a,CTaBjijnoT  iiccjie,a,OBaHiiii  op6iiTajiBHOH  SBOjnopini  acTepoimoB  b  OKpecTHO- 
cth  cenapaTpuc,  pa3^,ejunoni,iix  o6jiacTH  c  pasjin'iHWMH  (jiopMaMH  ^BiiHceHiin  (pe30HaHCHyio  h  Hepe30HaHCHyio, 
o6jiacTi-i  nepeKpBiTHH  pa3jiiiHHBix  pe30HaHC0B  h  ,np.),  nocKOJiBKy  HMerao  3,n,ecB  MoryT  6bitb  pacnojioxeHBi  30hbi 
xaoTHHHOCTii.  H  xoth  b  nocjie,n,HHe  Tpn  flecHTiijieTiiH  b  nom-iMam-n-i  stoii  npo6jieMBi  ^ocTrimyT  3HaHHTejiBHBiii 
nporpecc,  ocTaeTca  em,e  MHoro  BonpocoB  h  KOHKpeTHBix  npaKTiinecKiix  3a^,au,  Tpe6yioiii,Hx  .najiBHeiunux  uccjie- 
,a,OBaHiiii.  B  uacTHOCTii,  npii  iiccjie,a,OBaHiiH  xaoTiiHHOCTi-i  b  .uBiuKeHiiii  acTepoi-moB,  c6jin>Kaioiii,iixcH  c  6ojibihiimh 
njiaHeTaMii,  cyipecTByiOT  Tpyn,HOCTH  b  nocTpoemni  hx  op6iiTajiBHOi"i  3bojik>u,iiii  Ha  6ojiBnine  iiHTepBajiBi  BpeMe- 
hh.  9to  CBH3aHO  c  TeM,  hto  flHHaMHKa  TaKHx  oGteKTOB  njioxo  no,imaeTCH  iisyueHiiio  aHajiHTHuecKHMH  MeTO,a,aMH 
H3-3a  6ojibiuiix  SKcpeHTpiiciiTeTOB  i-i  tcchbix  c6jni>KeHiiH  c  njiaHeTaMii,  a  uccjie^OBaHiie  3bojik>h,iiii  hiicjibhubimh 
MeTO^aMH  npi-i  MHoroKpaTHBix  c6jni>KeHHHx  npiiBO,n,iiT  k  6biCTpoMy  HaKonnemno  oihh6ok  OKpyrjieHiia.  OueBim- 
HO,  3THMII  TpyH,HOCTHMII  MOiKHO  o6t>5ICHHTB  TOT  (J>aKT,  HTO  HMeiOHl,IieC5I  opeHKii  BpeMeHii  nporH03iipyeMOCTii 
,a,BH>KeHiia  (aanyHOBCKoro  BpeMenii)  ,a,jia  acTepon^OB,  c6an>Kaioiii,Hxca  c  3eMjieft  (AC3),  nojiyueHHBie  pa3JiiiH- 
HBIMI-I  aBTOpaMII,  3HaHIITejIBHO  OTJIIIHaiOTCJI  [1,  2]. 

B  ,a,aHHOH  pa6oTe  npe,n,CTaBjieHBi  pe3yjiBTaTBi  iiccae^OBaHiia  xaoTiiHHOCTi-i  ,a,BH>KeHiia  AC3,  Haxo^amuxca  b 
OKpecTHOCTH  op6iiTaaBHBix  pe30HaHC0B  HH3KHX  nopa,a,KOB  c  6ojiBmiiMii  njiaHeTaMi-i.  Bee  uccjie^OBaHiia  BBinoji- 
hhjiiicb  HiicjieHHBiMii  MeTO,n,aMH  c  noMom,Bio  co3^aHHOH  naMi-i  nporpaMMHofi  cucTeMBi,  no3Boaaiomeii  paccuii- 
TBiBaTB  op6iiTaaBHyK>  3bojiioii,hio  AC3  h  HexoTopBie  KOjiiiuecTBeHHBie  xapaKTepncTHKH  ,a,eTepMiiHiipoBaHHoro 
xaoca.  nojiyHeHHBie  HaMii  c  noMom,Bio  stoii  nporpaMMBi  opeHKii  jismyHOBCKoro  BpeMeHii  ^jia  AC3  6jih3kii  k 
pe3yaBTaTaM  Biio^apayKa  [2],  h  cocTaBaaiOT  ot  tbichhh  ,n,o  HeocojiBKiix  tbichh  jieT. 

Pa6oTa  BBinojiHeHa  npii  cjnraaHCOBOH  no,zmepvKKe  POOH,  rpaHT  N2  05-02-17043. 
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[2]  Wiodarczyk  I.  The  prediction  of  the  motion  of  the  Atens,  Apollos  and  Amors  over  long  intervals  of  time  / /  Dynamics 
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The  Investigations  of  the  NEAs  Chaotic  Dynamics 
in  the  Vicinities  of  Orbital  Resonances 

Bykova  L.E.,  Galushina  T.Yu. 

Applied  Mathematics  and  Mechanics  Institute,  Tomsk  State  University,  Russia 


The  results  of  studies  of  the  NEAs  chaotic  dynamics  in  the  vicinities  of  low-order  resonances  with  the  major 
planets  are  presented.  Maximum  Lyapunov  characteristic  exponents  are  used  as  an  indicator  of  the  chaotic 
motion.  All  investigations  were  carried  out  by  numerical  methods. 
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MOAEJIHPOBAHHE  PACIIPEAEJIEHHH  YCKOPEHHblX  3J1EKTPOHOB 

B  IIETJIE  COJIHEHHOH  BOIbllllKH 

rop6HKOB  C.n.%  MejIfaHHKOB 

*  HutmeeopodcKuu  eocydapcmeennuu  apxumeKmypHo-cmpoumejibHuu  ynueepcumem,  Poccua, 
**  HayuHo-uccAedoeameAbCKuil  paduo$u3UHecKuu  UHcmumym,  Huchchuu  Hoezopod,  Poccua 

B  ,n,OKjia^i,e  pjia.  MO^ejnipoBaHiin  npopeccoB,  npoHCxo/qnnHx  npn  l  eHepanHH  BcnBimeuHoro  H3JiyHeHiia  HecTauyi- 
OHapHBiM  hcto'ihhkom  ycKopeHHBix  (HeTenjiOBBix)  ajieKTpoHOB  npii  yueTe  Heo,a,Hopo,ii,HOCTH  MarmiTHoro  nojia 
h  njiOTHOCTii  njia3MBi  b^ojib  BcnBimeHHoii  neTjin,  ncnojiB3yeTca  ypaBHemie  OoKKepa-IIjiaHKa.  IlocTaBjieHa  co- 
OTBeTCTByromaa  3a,a,aHa  MarreMaTH'iecKOH  (Jjhshkh.  llpii  stom  npe,n,jiaraeTCH  HecTaH/japTHaa  (JjopMyjinpoBKa 
rpamiHHBix  ycjiOBiiii:  3HaaeHiia  hckomoh  cJjyHKHHH  pacnpe^ejieHiia  sjieKTpoHOB  b  rpaHHHHoii  Tomce  ceTKH,  ecjin 
npiiMeHaeTca  ,zyia  pememia  3a^,ami  MeTO,n,  KOHeuHBix  pa3HOCTeii,  SKCTpanojmpyiOTca  no  3HauemiaM  (J>yHKii,HH 
b  coce^mix  TonKax  ceTKH.  BKCTpanojiapiia  MoaceT  6bitb  jiHHeitHoft  (hto  ii  peajni30BaHO  b  ,n,aHHOH  pa6oTe)  hjih 
6ojiee  BBicoKoro  nopa^Ka.  Taxaa  nocTaHOBKa  npe^CTaBaaeTca  <f)H3H'iecKH  o6ocHOBaHHOii  h  He  Tpe6yeT  pe3yjiB- 
TaTOB  KaKHx-jin6o  ,n,onojiHHTe.jiBHBix  Ha6jno,n,eHin“i.  B  to  ace  BpeMa  OHa  no3BOJiHjia  npiiMemiTB  ,zyia  HHCJiemioro 
iiHTerpnpoBaHiia  ypaBHemia  OoKKepa-IIaaHKa  pa3pa6oTaHHBin  paHee  aBTopaMH  [1]  ceTOHHBiii  MeTOfl  pememia. 

Ochobhbim  otjih'ihcm  3TOTO  MeTO^a  ot  ocTajiBHBix  ceTOHHBix  aBjiaeTca  to,  hto  Bim  cxeMBi  pacneTa  MeHaeTca 
b  3aBiicriMOCTri  ot  3HaaeHHH  paccToamia  b^ojib  neTjin  h  Kocimyca  niiTH-yrjia.  AOCTOHHCTBO  MeTO^a  coctoiit 
b  tom,  hto  oh,  ocTaBaacB  HeaBHBiM  h  HBaaacB  ycTOHHiiBBiM,  He  Tpe6yeT,  KaK  h  aBHBie  micjieHHBie  mcto^bi, 
nocToaHHoro  pememia  ciiCTeM  6ojiBmoro  m-icjia  jiHHeiiHBix  ypaBHeHHH. 

ITpaBHjiBHOCTB  pacaeTOB  no  co3,gaHHOH  nporpaMMe  npoBepajiacn  no  npe,n,jiaraeMOH  b  ^OKjia^e  opiiniHajiB- 
hoh  MeTO^HKe.  A  hmchho,  BHanane  BBi6npaeTca  hckhh  3a^aHHBiH  Bi-m  cjjyHKpi-n-i,  KOTopaa  npe^CTaBjiaeT  co6oi“i 
pememie  hcxo^hoto  ypaBHemia.  Aajiee  n0  stoh  (jyy h  k  u  h  n  113  ypaBHemia  Haxo^,iiTca  BHenmee  B03^,eiicTBHe  (b 
^,aHHOM  cjiyuae  —  <f>yHKIh'IH  hh>k6khhh).  3aTeM  3Ta  cjjyHKpiia  HHaceKH,HH  ncnojiB3yeTca  KaK  Bxo^Hoe  BHem- 
Hee  B03^,eiicTBHe  npii  paboTe  npoBepaeMoii  nporpaMMBi.  Pe3yaBTaTBi  pacneTOB  nporpaMMBi  ^ojihchbi  xoporno 
coraacoBBiBaTBca  co  3 h aT i e h h a m h  nepBOHanaaBHO  BBi6paHHoro  pememia  iicxo^hoto  ypaBHeHiia. 

B  npe^CTaBaeHHBix  iiccae^OBaHiiax  H3ynaaocB  ^Ba  caynaa,  Kor,n,a  hctohhiik  iiHaceKpiin  ycKopeHHBix  saex- 
TpoHOB  Haxo^naca:  nan  b  peHTpe  neTan,  nan  b  ee  ocHOBamiH.  BbiaBaeHBi  3aKOHOMepHOCTii  b  noBe^eHiiii  cjjyHK- 
h,hh  pacnpe^eaeHiia  ycKopeHHBix  aaeKTpoHOB  bo  BcnbimenHOii  neTae  h  npoBe^,eH  hx  cpaBHHTejiBHBiH  aHaaii3 
,zyia  pa3aiiHHBix  nojiOHcemiH  b  neTae  HCTO'iHHKa  HeTenaoBBix  saeKTpoHOB.  IToayneHHBie  bbibo^bi  xopomo  coraa- 
cyiOTca  c  o>k h/ [,ae m bi m h  (h3  <}.)H3H'iecKHx  coo6paaceHHii)  pe3yaBTaTaMii. 

PaboTa  BBinoaHeHa  npii  cjjiraaHCOBOH  no^AepacKe  POOH,  npoeKTBi  N^N2  04-02-39029,  04-02-16753. 
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Modeling  of  Distribution  of  Energetic  Electrons  in  Loop  of  Solar  Flare 

Gorbikov  S.P.%  Melnikov  V.F.** 

*  Nizhny  Novgorod  State  University  of  Architecture  and  Civil  Engineering,  Russia, 

**  Radiophysical  Research  Institute,  Nizhny  Novgorod,  Russia 

The  problem  of  mathematical  physics  on  the  base  of  the  Fokkcr-Planck  equation  for  modeling  of  the  dynamics 
of  energetic  electron  distribution  along  a  solar  flaring  loop  is  set.  A  finite  difference  method  of  its  solution  and 
original  testing  method  are  proposed.  Numerical  experiments  taking  into  account  specific  conditions  in  flaring 
loops  are  conducted. 
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OnTHMH3AD;n5I  IIPOCTPAHCTBEHHblX  TPAEKTOPHH  IIEPEJ1ETA  HA 
rEOnEPEXOAHYIO  OPEHTY  KA  C  PA3rOHHbIM  BJIOKOM 

rpHropt.es  H.C.*,  ^aHHJiHHa  H.A.** 

* MocKoecnuu  eocydapcmeeHHUu  ynueepcumem,  Poccun, 

**  PTTy-MATH,  Poccuh 

PaccMaTpi-iBaeTca  3a,n,aHa  onTHMH3an,HH  npocTpaHCTBeHHbix  TpaeKTopiiii  nepejieTOB  KOCMiiuecKoro  annapaTa 
(KA),  ocHameHHoro  pa3roHHBiM  6jiokom.  Pa3roHHBii“i  6jiok  coctoht  h3  .gBiiraTejui,  necymiix  KOHCTpyKipm  h 
,a,Byx  TonjiriBHBix  6aKOB  —  ocHOBHoro  h  .gonojiHiiTejiBHoro.  Cyxan  Macca  6aKOB  nponoppuoHajiBHa  Macce  Haxo- 
^,Hin,erocH  b  hex  TOiuii-iBa,  a  Macca  ^BiiraTejiH  h  necymiix  KOHCTpyKuyiii  —  TuroBOopyjKeHHOCTii.  YnpaBjieHiie 
nepejieTOM  ocymecTBjiHeTCH  nocpe,n,CTBOM  BexTopa  Tarn  peaxTiiBHoro  ^BiiraTejia.  C6poc  ,n,onojiHHTe.jibHoro  Ton- 
jniBHoro  6axa  (ATB)  ocymecTBjiaeTca  nocjie  nojmoii  BbipaboTxn  TonjniBa  h  npoiicxo,n,HT  3a  3a^aHHoe  BpeMH.  B 
npopecce  c6poca  KA  ocymecTBjineT  nacciiBHoe  ^BHJKeHHe.  CTapT  KA  npoiicxo,n,HT  c  onopHoii  hh3koh  KpyroBoii 
op6iiTBi  HC3  3a^aHHoro  HaKjiOHa.  Tpe6yeTca  3a  orpaHiineinioe  BpeMa  npii  3a,n,aHHbix  napaMeTpax  ^BiiraTejm 
h  6axoB  nepeBecTii  KA  Ha  Haiijiyumyio  reonepexo,n,Hyio  op6iiTy  (ajuiunTiiHecxyio  op6iiTy  c  jiHHHeft  ancH,n,,  jie- 
jKameii  b  njiocKOCTii  sxBaTopa,  h  pa^nycoM  anoqeHTpa,  paBHBiM  pa^nycy  reocTapnoHapa) .  M hhh m h 3 h p yerrca 
BejiiiHHHa  Tpe6yeMoro  pjia  pajiBHeiimero  BBiBepemiH  na  reocTapnoHapHyio  op6iiTy  HMnyjiBca  ckopocth. 

PaccMaTpiiBaeMaa  3apana  4)opMajni3yeTCJi  xax  sapana  onTiiMajiBHoro  ynpaBjieHiia  coBOxynHOCTbio  pHHaMH- 
uecxiix  ciiCTeM  [1].  Ha  ocHOBe  cooTBeTCTByiomero  npirapima  m axciiMy  m a  ee  peineinie  cbophtch  k  pemeHino  mho- 
roTOHeHHoii  KpaeBoii  aapaaw.  KpaeBaa  3apana  npirapima  MaxciiMyMa  peniaeTca  hhcjichho  MeTopoM  CTpejib6bi. 
PaccMaTpiiBaiOTCH  pBa  bo3mojkhbix  cjiynaa  c6poca  ATB:  Ha  axTiiBHOM  h  na  npoTHixeHHOM  nacciiBHOM  yuacTxe. 
npoBopiiTca  napaMeTpiiHecKHH  aHajiii3  nojiyHeHHBix  pemeHHii. 

PaboTa  HBjiaeTca  pasBiiTiieM  [2] . 
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Optimization  Spatial  Path  Flight  on  Geotransition  Orbit 
Spacecraft  with  Accelerating  Block 
Grigoriev  I.S.*,  Danilina  I. A.** 

*  Moscow  State  University,  Russia, 

**  RGTU-MATI,  Russia 

The  optimization  problem  on  spatial  path  flight  of  the  spacecraft,  equipped  by  accelerating  block  is  considered. 
It  is  expected  that  accelerating  block  consists  of  the  engine,  bearing  structure  and  two  fuel  tanks  —  main  and 
additional.  The  dry  tank  mass  is  considered  to  proportional  mass  of  fuel  residing  in  them,  and  mass  of  the 
engine  and  bearing  structure  —  to  thrust-to-weight  ratio.  The  flight  control  is  realized  by  means  of  the  thrust 
vector  of  the  jet  engine.  The  unset  of  the  additional  fuel  tank  is  realized  after  full  fuel  production  for  given  time. 
Passive  motion  of  spacecraft  is  in  process  of  the  unset.  The  spacecraft  is  to  launch  from  supporting  low  circular 
orbit  of  the  artificial  Earth  satellite  with  given  inclination.  It  is  required  for  limited  time  under  given  parameters 
of  engine  and  tanks  to  transfer  spacecraft  on  the  best  geotransition  orbit  (the  elliptical  orbit  with  line  of  the 
apses,  lying  in  the  equator  planes,  and  radius  of  apocenter  which  is  equal  to  radius  of  geostationary  orbit).  The 
value  required  for  the  further  removing  to  the  geostationary  orbit  of  the  pulse  to  velocities  is  minimized. 

The  considered  problem  is  formalized  as  the  problem  of  the  optimum  control  by  the  collection  of  dynamic 
systems  [1],  Its  decision  on  the  base  of  corresponding  maximum  principle  is  reduced  to  decision  of  the  multipoint 
boundary-value  problem.  The  boundary-value  problem  of  the  maximum  principle  solves  numerically  by  the 
shooting  method.  There  are  two  possible  events  of  the  additional  fuel  tank  unset:  on  active  and  on  extensive 
passive  area.  The  parametric  analysis  of  the  received  decisions  is  conducted. 

The  article  develops  [2], 
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ob  onTHMn3Au;nn  tpaektophh  nocEmEHM 
rpynnbi  actepohaob 

TpHropBeB  H.C.,  3anjieTHH  M.IL 

MocKoecKuu  eocydapcmeennuu  ynueepcumem,  Poccuji 

B  paSoTe  paccMaTpimaeTCH  3a^,aua  nocememiH  KOCMiiuecKiiM  annapaTOM  rpynnbi  acTepoi-moB.  CTapT  KA  ocy- 
mecTBjuieTCH  c  op6nTbi  3eMjin  c  orpaHnnennon  CKopocTbio  yxo^a.  rU,Hana30H  epeMeH  CTapTa  cocTaBjineT  20 
jieT.  Tpe6yeTca  noceTiiTb  no  o^,HOMy  acTepoi-my  H3  4  pa3Hbix  rpynn.  BpeMH  nocememiH  Kaumoro  acTepoima 
cocTaBjineT  He  MeHee  90  mien.  06m,ee  BpeMH  nepejieTa  orpaHiinenno  20-io  roflaMn.  IlepejieT  ocymecTBjiHeTCH  b 
peHTpajibHOM  hbiotohobckom  rpaBiiTaqiiOHHOM  none  Cojmn,a.  ynpaBjiemie  KA  ocymecTBjiHeTCH  BejinnnHoii  n 
HanpaBjiemieM  THrn  peaKTHBHoro  ^BiiraTejiH  Majioii  THra.  riocpe^CTBOM  Bbi6opa  ynpaBjieHHH  Tpe6yeTCH  onpe- 
.nejiHTb  TpaeKTopnio,  MaKCHMH3npyiomyio  OTHOineHiie  KOHenHOii  Maccm  k  BpeMenn  nojieTa. 


About  Optimization  Path  Rendezvous  with  the  Group  of  Asteroid 

Grigoriev  I.S.,  Zapletin  M.P. 

Moscow  State  University,  Russia 

The  problem  of  the  multiple  asteroid  rendezvous  is.  A  trajectory  must  be  designed  for  a  low-thrust  spacecraft 
which  launches  from  the  Earth  and  subsequently  performs  a  rendezvous  with  one  asteroid  from  each  of  four 
defined  groups  of  asteroids.  The  Earth  and  asteroids  are  assumed  to  follow  Keplerian  (conic)  orbits  around  the 
Sun.  The  only  forces  acting  on  the  spacecraft  are  the  Sun’s  gravity  and,  when  on,  the  thrust  from  the  propulsion 
system. 

The  spacecraft  is  to  launch  from  the  Earth,  with  a  hyperbolic  excess  velocity  of  up  to  3.5  km/s  and  of 
unconstrained  direction.  The  year  of  launch  must  lie  in  the  range  2015  to  2035,  inclusive.  After  launch,  the 
spacecraft  must  rendezvous  with  one  asteroid  from  each  group.  Choosing  an  asteroid  from  each  group  is  part 
of  the  optimization  process.  The  order  in  which  the  asteroids  are  visited  is  immaterial.  A  stay  time  of  at  least 
90  days  is  required  at  each  of  the  first  three  asteroids.  The  flight  time  measured  from  launch  up  to  the  point 
of  rendezvous  with  the  fourth  asteroid  must  not  exceed  20  years.  Maximization  of  the  ratio  of  final  spacecraft 
mass  to  flight  time  is  sought. 
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MATEMATHHECKOE  MOAEJIHPOBAHHE  ,H;BH>KEHH5I 
KOPOTKOnEPnOAHHECKHX  KOMET  HA  HHTEPBAJIE 
BPEMEHH  1800-2200  TT. 

3aycaeB  A. A. 

CaMapcKuu  socydapcmeenHuu  mexHUHecKuu  ynueepcumem,  Poccuh 

ripii  iiccjie,n,OBaHiiH  SBOjnopini  opbiiT  KopoTKonepiio^iiHecKiix  komct  tohhoctb  nojiyneHHBix  pe3yjiBTaTOB  3aBii- 
CHT  OT  pH,a,a  cjjaKTOpOB,  OCHOBHBIMH  H3  KOTOpBIX  HBJIHH3TCH:  yneT  B  M ETC  MaT H '  1 6C  KO  H  MO,H,ejIH  OCHOBHBIX  Aeil- 
CTByiomiix  chji;  tohhoctb,  ycTonniiBOCTB,  cxo^iimoctb  npiiMeHaeMoro  MeTO,a,a  HHCJieimoro  HHTerpnpoBaHHa. 

HaMi-i  npe,n,jio>KeHa  MO^iicJjiiKapiiH  ajiropiiTMa  MeTO^a  0BepxapTa,  iioaBOJiafomaa  yBejiHHHTB  nopa^OK  an- 
npoKCiiMnpyiomei"i  cjropMyjiBi  npii  hhcjichhom  HHTerpnpoBaHHH  ci-iCTeM  o6bikhob6hhbix  ,n,H4xf>epeHn,HajiBHBix 
ypaBHemin  ,a,o  31-ro  nopa/i,Ka,  BKjnoHHTejiBHO.  PaHee  yBejniHeHiie  nopa,n,Ka  MeTO,a,a  CBBirne  19-ro  He  npiiBqnyijio 
k  ynymneHino  tohhocti-i  BW'iHCJieHHH. 

Ha  ocHOBe  m arreM ar  h  n  ec  ko  ii  Moreau  Newhall  X.X.,  Standish  E.M.,  Williams  Jr.  h  ,np.  pa3pa6oTaHa  mo- 
^ii4)iiH,iipoBaHHaH  MarreMarrH'iecKaa  MO^ejiB,  omiCBiBaiomaa  ^Bi-iacem-ie  He6ecHBix  Tea  c  yneTOM  rpaBi-iTapi-iOH- 
hbix  h  pejiHTiiBHCTCKiix  scjxjreKTOB.  Mo^i-KjOTKanjia,  cocToarpaa  b  MO^ejiiipoBaHHH  rjiaBHoro  noaca  acTepoimoB, 
no3BOJiaeT  nojiynaTB  pe3yjiBTaTBi,  corjiacoBaHHBie  c  Habjno^eHHaMii  npn  MHoroKpaTHOM  coKpamemni  BpeMemi 
BBIHHCJieHHH. 

Co3^aH  KOMnjieKC  HOBoro  nporpaMMHoro  o6ecneHemia  .zpia  peajni3an,HH  MO^HcJaipiipoBaHHoro  MeTO^a  0Bep- 
xapTa  h  ero  npiiMeHeHiia  npn  MaTeMaTiinecKOM  MO^ejinpoBaHHii  ^BHacemia  He6ecHBix  o6T>eKTOB. 

npoBe^eHO  iiccae^OBaHiie  cxo^hmocth,  ycTonniiBOCTH  h  norpenmocTH  annpoKCHMiipyiomeH  cjropMyjiBi  mo- 
^ii4)iiH,iipoBaHHoro  MeTO^a  9BepxapTa  .zpia  pa3JiiiHHBix  nopa^KOB  h  maroB  i-iHTerpupoBaHi-ia. 

B  HacToam,ee  BpeMa  Be^eTca  paboTa  no  co3,n,aHHio  Ha  ocHOBe  ycoBepmeHCTBOBaHHon  iiHcjropMapHOHHoii  Tex- 
hojioitih  KaTajiora  opbiiTajiBHon  3bojhoii,hh  KopoTKonepiio^HnecKiix  komct  c  1800  no  2200  it. 

PadoTa  BBinojiHeHa  npn  cJnmaHCOBon  no^mepacKe  <Pe,n,epajiBHoro  areHTCTBa  no  o6pa30BaHino  (npoeKT  PHn. 
2.1.1.1689). 


Matematical  Modelling  of  Motion  of  Short-Period  Comets 
During  400  Years  (1800-2200) 

Zausaev  A. A. 

Samara  State  Technical  University,  Russia 

The  orbital  evolution  of  short-period  comets  was  investigated  by  the  modified  Everhart  method  in  the  time 
interval  from  1800  to  2200  years. 
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MATEMATHHECKOE  MOflEJIHPOB  A  HFTE  HEEECHbIX 

TEJI,  OCHOBAHHOE  HA  HOBOM  nPHHU;HnE  B3AHMO^EHCTBHfl 

3aycaen  A.®. 

CaMapcnuu  eocydapcmeennuu  mexHunecKuil  ynueepcumem,  Poccua 

PaccMOTpeH  hobbih  npirapim  B3aiiMO,n,eiicTBiiH  MaTepiiajiBHBix  Teji  APyr  Ha  APyrai  hbjihioiuhhch  cjie,a,CTBiieM 
flBii>KeHiiH  MaTepnn.  B  OTjniHiie  ot  3aKOHa  BceMiipHoro  THroTemra  HniOTOHa,  jiextamero  b  ocHOBe  He6ecHOi"i 
MexaHHKH  h  o6iu,eii  Teopim  OTHOCiiTejiBHOCTi-i  BiiHiuTeima,  iyi,e  rpaBiiTapiia  paccMaTpiiBaeTca  hiicto  cjreHOMeHO- 
jroi  H'iecKH,  b  ,a,aHHoii  MO^ejin  npoHBjieHiie  rpaBiiTapiiH  paccMaTpiiBaeTca  xax  aTpi-i6yT  .npiDKeHiDi. 

HaMi-i  nojiyneHBi  hobbig  fli-icjDcjDepeHip-iajiBHBie  ypaBHemia  ^BiixeHiiH  rjih  n  MaTepiiajiBHBix  Teji.  C  pejiBio 
npoBepKii  3(J)4)eKTiiBHOCTii  pa3jiiiHHBix  MaTeMaTHnecKHx  MO,a,ejieii,  omiCBiBaiomiix  ^Biixcemie  6ojibhihx  njiaHeT, 
.JlyHBi  h  CojiHpa,  npoBe^eHO  iiccjie^OBaHiie  3bojhoh,iih  op6iiT  sti-ix  o6T>eKTOB  Ha  iiHTepBajie  BpeMemi  c  1600  no 
2200  rr.  B  nepBOM  cjiynae  pemajiiiCB  Te  xe  ^iicjDcjDepeHpHajiBHBie  ypaBHemisi,  hto  ii  npn  co3^,aHiiii  DE405  — 

0,I3,H0H  H3  BBICOKOTOHHBIX  HHCJieHHBIX  TeOpHH  ^BIDKeHIIH  60JIBHIHX  njiaHeT,  nOJIHOCTBIO  COrjiaCOBaHHOH  c  on- 
THnecKHMH  ii  pafliiojiOKapiioHHBiMii  Ha6jiio^i,eHiDiMn,  a  ^jih  .JlyHBi  —  c  jia3epHBiMii  Ha6jiio^i,eHiiHMn.  Pa3jinnne 
3aKjnonajiocB  b  yneTe  bjihhhhh  nosica  acTepoi-moB  na  ^BiixceHiie  Mapca  h  lOmiTepa.  B  xanecTBe  BTopoii  Ma- 
rreMarrii'iecKOH  MO^ejiii,  om-iCBiBaiomeii  ^BiraceHiie  6ojibihhx  njiaHeT,  .JlyHBi  n  CojiHpa,  pemajiiiCB  nojiyneirabie 
HaMn  ^iKjxJiepeHpHajiBHBie  ypaBHemin.  HanajiBHBie  .gaHHBie  KOop/ymaT  x,  y,  z  n  CKopocTeii  Vx,  Vy,  Vz  bo  btopom 
cjiynae  noyBeprajniCB  He3HaniiTejiBHOH  KoppeKn,nn.  HncjieHHoe  nHTerpi-ipoBaHi-ie  ypaBHeHiin  ^BuncemDi  b  o6oiix 
cjiynanx  6bijio  npoBeyeHO  MO^iKjnmupoBaHHBiM  MeToyoM  3BepxapTa  27  nopn^Ka  c  inaroM  nHTerpiipoBaHiiH  3 
Ahh. 

P e3yjiBTaTBi  bbihiicjichiih  conocTaBjieHBi  c  sjieMeHTaMii  op6iiT,  onpeyejieHHBix  no  yaHHBiM  KOopyimaT  n  cko- 
pocTei!  DE405.  IIoKa3aHO,  hto  HOBan  MaTeMaTHuecKaa  MoyejiB  yBinKBHini  6ojiBinnx  njiaHeT,  .JlyHBi  h  CojiHya,  b 
KOTopoii  OTcyTCTByeT  yneT  pejiHTHBHCTCKiix  3(J>4)eKTOB,  corjiacyeTca  c  DE405,  tslk  kslk  MaKCiiMajiBHoe  pa3Jin- 
niie  b  ajieMeHTax  op6iiT,  iia6jno,ii,aeMoe  b  cpeyHeii  aHOMajiHH  b  1602  r.  4  ceHTn6pji,  yjra  Mepnypiisi  cocTaBjiaeT 
0,001,  yjiH  BeHepBi  —  0,007,  yjra  6apiiii,eHTpa  3eMjia  +  JlyHa  —  0,003  h  yjiH  Mapca  —  0,001  rpayyca.  A™  Jly- 
hbi  MaKCHMajiBHoe  paoxoncyemie  b  KOopyimaTax  c  DE405  lie  npeBBimaeT  4-10-6  a.e.,  xoth,  cjieyyeT  otmcthtb, 
hto  npn  pemeHiiii  nojiyneHHBix  iiaMii  ypaBHeHiiii  yBirateHiiH  He  yniiTBiBanacB  Hec<t>epiiHHOCTB  (Juiryp  3eMjin  h 
.JlyHBi. 


Matematical  Modelling  of  Motions  of  a  Celestial  Body 
Based  on  the  New  Principle  of  Interaction 
Zausaev  A.F. 

Samara  State  Technical  University,  Russia 


The  new  principle  of  investigation  of  a  material  body  has  been  considered.  The  differential  equations  of  the 
motion  have  been  obtained.  The  elements  orbits  of  planet,  of  the  Moon  and  the  Sun  have  been  calculated  in 
the  time  interval  from  1600  to  2200  years. 
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MAJI03HEPrETHHECKHE  JlYHHblE  TPAEKTOPHH  HOBOrO  THIIA 

HBainKHH  B.B. 

HHcmumym  npuKAadnou  MameMamuKU  um.  M.B.  KeAduuia  PAH,  Mocnea,  Poccua 

ripe^CTaBjieHbi  pe3yjiBTaTBi  HCCjre^OBaHHH  hobbix  TiinoB  JlyHHBix  TpaeKTopiiii  b  paMKax  orpaHH'ieHHOH  3aflaun 
neTBipex  Teji  (3eMjiH-JIyHa-CojiHii,e-TOHKa).  3th  TpaeKTopiiii  ocymecTBjuuoT  «HenpHMOi"i»,  o6xo,a,Hoii  nepejieT, 
cymecTBeHHO  i-icnojiB3yiOT  rpaBiiTapiiOHHBie  B03Myiu,eHiiH  h  noaTOMy  3anacTyio  no3BOjniiOT  ocymecTBiiTB  nepe- 
jieTBi  Ha  6ojiee  hh3kom  aHepreTiinecKOM  ypoBHe,  neM  o6BiHHBie  pememiH  «npsiMoro»  nepejieTa.  Ilccjie^OBaHBi 
^Be  rpynnBi  jiyHHBix  TpaeKTopiiii.  0,a,Hy  rpynny  cocTaBjnnoT  nepejieTBi  ot  3eMjin  k  JlyHe  h  o6paTHBie  nepejieTBi 
ot  .JlyHBi  k  3eMjie.  Ohii  HMeiOT  OTjieT  tomkh  ot  3eMjni  na  6ojiBmoe  paccTOjmne  (okojio  1,5T06  km),  iyje  noyi, 
bjihhhhom  CojiHeHHoii  rpaBHTaipiH  nacciiBHO  MGHHeTCH  nepnreiraoe  paccTOHHiie  TpaeKTopiiii  KA  ot  Majioro  3Ha- 
HeHiia  y  3eMjni  ,go  ~  pa^nyca  JlyHHoii  op6htbi.  KpoMe  toto,  no,n,  bjihhhhcm  JIyHHO-3eMHBix  rpaBiiTapnoHHBix 
B03,n,eHCTBi-iH  b  paiioHe  HeKOTopoii  KOJUiiiHeapHoii  tohkii  jiH6pan,HH  («3ajiyHHOi“i»  tohkii  L2  hjih  «flOJiyHHOi"i» 
to'ikh  Li)  CHCTeMBi  3eMjiH-JIyHa  ocymecTBjiHBTCH  nacciiBHBiii  3axBaT  JlyHoii  .zyin  nepejieTa  3eMjia-JIyHa  hjih 
nacciiBHoe  ocBoboHygemie  ot  JlyHHoro  npiiTHHceHiiH  ,h,jih  nepejieTa  JIyHa-3eMjiH.  BTopyio  rpynny  cocTaBjnnoT 
nepejieTBi  KA  c  3eMjin  Ha  reocTapnoHapHyio  op6iiTy  TCO  n  o6paTHBie  nepejieTBi  c  TCO  k  3eMjie  c  rpamiTa- 
pnoHHBiM  MaHeBpoM  npn  6jiii3kom  npojieTe  y  JlyHBi  ,h,jih  nacciiBHoro  usMeHeHiin  HeKOTopBix  ajieMeHTOB  op6iiTBi 
tohkii.  IIphbo^htch  npiiMepBi  ^aHHBix  TpaeKTopiiii,  pe3yjiBTaTBi  hx  «TOHHoro»  HiicjieiiHoro,  a  TaKiKe  npii6jni- 
nceiiHoro  KanecTBemioro  aHajni3a  [1-4],  hx  xapaKTepncTHKn,  k j [ ac c  11  h Ka n h h .  IIoKa3aHO,  hto  iicnojiB30BaHiie 
b  KOCMOHaBTiiKe  «o6xo^hbix»  TpaeKTopiiii  no3BOjnieT  3aMeTHO  coKpaTHTB  SHepreTiiHecKiie  pacxo^Bi  no  cpaB- 
HeHino  c  o6bihhbimii  TpaeKTopiiHMii  «npsiMoro»  nojieTa.  O/ipaKO  ohh  cymecTBeHHO  6ojiee  nyBCTBiiTejiBHBi  k 
B03Mym,eHiiHM,  neM  TpaeKTopiiii  «npsiMoro»  nojieTa,  n  ,zi,jih  iix  npnMeHeHHH  b  KOCMOHaBTiiKe  Hynmo  6ojiee  toh- 
Hoe  ynpaBjiemie. 

PaSoTa  BBinojmeHa  npn  no,imep>KKe  POOH  (rpaHT  06-01-00531-a)  n  PpaHTa  nozepam!!  HaynHBix  ihkoji 
HIH-2003. 2003.1. 
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2.  C.  196-199. 

[3]  MBaniKHH  B.B.  O  TpaeKTopnax  nojieTa  tohkii  ot  JlyHBi  k  3eMjie  c  rpaBHTaipiOHHbiM  ocBo6o>Kj],eHHeM  ot  jiyHHoro 
npiiTHiKeHiin  //  ^OKjiaflbi  PAH.  -  2004.  -  T.  398.  X2  3.  -  C.  340-342. 

[4]  HBaniKiiH  B.B.  O  TpaeKTopimx  B03Bpamemi5i  KOCMHnecKoro  annapaTa  c  reocTan,noHapHoii  op6iiTbi  k  3eMjie  c  11c- 
nojib30BaHneM  rpaBiiTan,noHHoro  MaHeBpa  y  JlyHbi  / /  /JAH.  2006.  Tom  409.  X2  6.  C.  770-773. 


Low-energy  Lunar  Trajectories  of  a  New  Type 

Ivashkin  V.V. 

M.  V.  Keldysh  Institute  of  Applied  Mathematics,  RAS,  Moscow,  Russia 

Some  results  in  a  numerical  and  approximate  qualitative  analysis  of  new  lunar  trajectories  are  presented  for  the 
Earth-Moon-Sun-particle  system.  These  are  the  trajectories  for  flights  between  the  Earth  and  the  geostationary 
orbit  GSO  using  a  lunar  gravity  assist  as  well  as  the  trajectories  for  flights  between  the  Earth  and  the  Moon 
with  a  passive  capture  by  the  Moon  for  a  flight  to  the  Moon  from  the  Earth  and  with  a  passive  escape  from 
lunar  attraction  for  a  flight  from  the  Moon  to  the  Earth.  Possible  use  of  these  trajectories  in  Astronautics  is 
discussed. 
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o  PEryjiHPn3Au;nn  ypabhehhh  h  ynpoHHEHHH  peihehhh 

B  HEKOTOPbIX  3AAAHAX  HEEECHOH  MEXAHHKH 

HjifaHHa  T.A. 

Poccuuckuu  eocydapcmeeHHuil  omKpumuu  mexHUHecKuu 
ynueepcumem  nymeu  coo6iu,eHUH,  MocKea,  Poccuh 

npon,e,aypa  peryjiHpi-i3au,i-n-i  ypaBHeHiiii  ne6ecHOi"i  MexaHHKH  [1]  BMecTe  c  npeo6pa30BaHiiHMii  BpeMemi  nacTO 
npiiBO,a,HT  k  ypaBHemiHM ,  HMeionpiM  npoHHBie  b  CMBicjie  ZKyKOBCKoro  nojiyTpaeKTopiiii  [2],  hto  nBjineTCJi  Ba»c- 
hbim  b  Teopiiii  HiicjieHHoro  riHTerpnpoB arum ,  oco6enno  b  cjiynanx,  Kor,n,a  pememm  nepBOHanajiBHBix  ypaBHeHiiii 
HeycToiiHiiBBi  b  CMBicjie  JInnyHOBa.  B  3a^aHe  Hi-icjieiiHoro  iiHTerpiipoBaHim  ypaBHeHiiii  He6ecHOi“i  MexaHHKH,  a 
TaK»ce  b  3a,H,aHe  o  npoHHOCTi-i  nojiyTpaeKTopiiii  npe^CTaBjmeTCH  aKTyajiBHBiM  noiiCK  Taxoro  npeo6pa30BaHim 
BpeMeHii  (hjih  BpeMemi  h  KOop,n,imaT)  b  hcxo,h,hom  ypaBHeHiiii,  npn  kotopom  ii3yHaeMoe  HeycToimiiBoe  pemeime 
CTaHOBiiTCH  ycTOHHHBBiM  b  CMBicjie  JInnyHOBa  pjisl  npeo6pa30BaHHoro  ypaBHemm.  Ecjiii  yKa3aHHoe  npeo6pa30- 
BaHiie  cyipecTByeT,  to  nojiyTpaeKTopim  i-i3yHaeMoro  peineHim  HBjmeTCH  npoHHoii  b  CMBicjie  ZKyKOBCKoro  pfla 
iicxo,ii,Horo  ^ncjjcjDepeHpHajiBHoro  ypaBHemm. 

B  HacTOHiii,eii  pa6oTe  npe,n,jio:>KeHBi  HOBBie  ajiropiiTMBi  jiiiHeiiHoii  peryjmpnaanHH  ypaBHeHiiii  KenjiepoBCKoro 
flBHJKeHHH  b  3a,n,aHe  ,n,Byx  Teji  h  rjio6ajiBHoii  peryjmpH3an,HH  ypaBHeHiiii  b  3a,n,aHe  Tpex  Ten.  Hccjie,n,OBaHa  npon- 
hoctb  b  CMBicjie  ZKyKOBCKoro  ajijmnTHHecKHx  TpaeKTopnii  KenjiepoBCKoro  ^BiiiKeHim.  PaccMOTpeHBi  npuMaa  h 
o6paTHaa  3a,n,aHa  peryjmpnaanH h  ypaBHeHiiii. 

HacTOHipaH  pa6oTa  HBjmeTCH  npo^ojiHceniieM  pa6oT  [2,  3]  . 

JlHTepaiypa 

[1]  lIlTiicjjejib  E.,  Illeiicjjejie  T.  JInHeimaa  h  peryjiapHaa  He6ecHaa  MexaHHKa.  M.:  HayKa,1975. 

[2]  Hjibinia  T.A.,  .HpyiKiiHiiHa  O.B.  3a,a,aHH  ycToitaiiBOCTii  h  npoaHOCTH  MaTeMaTiinecKiix  MOflejieii  flHHaMHaecKiix  cii- 
CTeM.  MoHorpacjaia.-M.:  PTOTYIIC,  2006. 

[3]  Hjibima  T.A.  O  peryjiapH3ai(HH  ypaBHeHiiii  b  3aflaae  flByx  h  Tpex  Tea  / /Te3iicbi  aokji.  II  MeacflyHapoflHoro  KOHrpecca 
«HejiHHeiiHbiH  /jHHaMHHecKHii  aHajiH3»  (NDA-  2).  M.:  II3/];-bo  MAH  TTY,  2002.  C.182. 


On  the  Equations  Regularization  and  Solutions  Hardening  in 
Some  Problems  of  Celestial  Mechanics 
Ilyina  T.A. 

Russian  State  Open  Technical  University  of  Railway  Transport,  Moscow,  Russia 

In  this  work,  new  algorithms  of  linear  regularization  for  the  equations  of  Kepler  motion  in  a  two-body  problem 
and  global  regularization  for  a  three-body  problem  are  proposed.  Zhukovskij  stability  for  elliptic  Kepler  trajec¬ 
tories  is  studied.  Forward  and  inverse  problems  of  regularization  are  considered. 


198 


CELESTIAL  MECHANICS 


MOAEJinPOBAHHE  rEOrPAMHECKHX  H  ACTPOHOMHHECKHX 
YCJIOBHH  HCTOPHHECKHX  COEbITHH  B  CHCTEMAX  KOOP^HHAT, 
CBH3AHHbIX  C  riJTOCKOCTHMH  TAJIAKTHKH,  3KJIHHTHKH, 
HEBECHOrO  (3EMHOrO)  3KBATOPA,  MECTHOrO  r0Pn30HTA 

KypjI5IH/],CKHH  B.B. 

Poccuuckuu  ynueepcumem  Hnnoeavpiu,  MocKea 

IicTopiiH  —  corjiacoBaHHoe  omicaHiie  MHOxecTBa  co6hthh.  IIpaBi-ijia,  ycTaHaBjiiiBaromiie  OTHOineHira  nopsm- 
Ka  MejK/jy  sjieMeHTaMH  omiCBiBaeMoro  MHO>xecTBa  HCTopnHecxHx  coSbithh,  ne  MoryT  He  y hi-itbib aTB  CBOiicTBa 
npocTpaHCTBeHHO-BpeMeiiHoro  xoHTHHy y m a,  b  kotopom  co6bitiih  nponcxo^HT. 

rio,ii,jiHHHBiH  ajieMeHT  peajiBHOCTi-i  -  njiaHeTa  b  pejiOM  hjih  cjjparMeHT  ee  noBepxHOCTH  c  ropo,a,aMii  h  .npyrn- 
mh  MaTepiiajiBHBiMii  cjie,a,aMH  HejiOBeHecxoii  ^eaTejiBHOCTii,  co,n,ep:>xamHMH  ^ocTOBepHyx)  iiH^opMapmo  o  xo,a,e 
HCTopiinecKoro  npoqecca,  mojkct  6bitb  o6T>exTOM  4)yH,a,aMeHTajiBHBix  h  npiiKjia,a,HBix  iiccue^OBaHiiii,  xax  iictoh- 
hiik  HCTopiinecKiix  cjmxTOB,  ecjiii  HayHiiTBCH  H^eHTiicjMipiipoBaTB  reorpacjn-iHecxiie  h  acTpoHOMiinecKiie  ycjiOBHH 
HCTopHnecKHx  co6bitiih. 

MaTeMaTiinecKaH  MO^ejiB,  no3BOJiJHOin,aH  pemaTB  no,n,o6HBie  aa/pi'in,  ^OBe^eHa  ,n,o  coctohhiih  Myjn>THMe,n,HH- 
Horo  npo,a,yKTa  h  ycneniHO  anpo6npoBaHHBix  ajiropiiTMOB-peKOMeH^apnii  ee  iicnojiB30BaHHH. 

0/3,hi-im  H3  pe3yjiBTaTOB  npiiMeHeHHH  MO,n,ejiH  CTajia  ninoTe3Bi,  rjisi  BBiflBiixeHiiH  KOTopoii  y  HCTopiixoB  He 
Morjio  6bitb  ocHOBaHiiii. 

reorpacJjHHecKaH  Tonxa,  b  KOTopoii  AjiexcaH,np  Maxe^,OHCxin“i  ocHOBaji  eriineTCxyx)  AjiexcaH/ipHio,  6bijia 
BBi6paHa  b  pe3yjiBTaTe  reoMeTpiiHecxnx  nocTpoemiH  c  HcnojiB30BaHiieM  MHororpaHHiixoB  IIjiaTOHa,  BnucaHHBix 
b  He6ecHyio  ccj)epy. 

Hctiihhoctb  ccjDopMyjnipoBaHHoro  yTBep»yi,eHHH  ,n,oxa3BiBaeTCH. 

OopMyjia  AjieKcaH^pi-ni: 

1/2  x  109°28'  -  1/3  x  70°32'  =  31°13'20", 

r^e  109°28/  h  70°32/  —  yrjiBi  MHororpaHHiixoB  IIjiaTOHa  —  TeTpa3,npa  h  rexcaa^pa;  31°13,20,/  ceBepHoii  inupo- 
tbi  —  reorpacjaiinecxaH  xoop,n,HHaTa  ropo,n,a. 

Abtopbi  npoexTa  «AjiexcaH,npHH»  .nyMajiH  06  yHiixajiBHOM  acTpoHOMiinecxoM  co6bithii. 

B  noji,n,eHB  no  MecTHOMy  BpeMemi  enmeTCxoH  AjiexcaH^pini  ,h,hh  3HMHero  cojiHpecTOHHHH  12  .gexadpa  1440 
ro,a,a  yroji  Me:*yiy  njiocxocTHMii  He6ecHoro  (3eMHoro)  sxBaTopa  h  sxjihhthxh  CTaji  paBHBiM  23°30,42, 4",  to  ecTB, 
OTjumajiCH  ot  3HaneHHH  1/3  x  70°32/  na  2,4  yrjiOBBie  cexyH^Bi  (70°32/  —  yroji  MHororpaHHiixa  IIjiaTOHa  — 
rexcas^pa) . 

B  3to  MTHOBeHiie  3eHiiT  Ha,H,  ropo,a,OM  coBMecTHjica  (c  ohih6xoh  2,4  yrjiOBBie  cexyH^Bi)  c  BepinimoH  TeTpa- 
3^pa,  BmicaHHoro  b  He6ecHyx)  ccjjepy  ci-iMMeTpiiHHO  OTHOCHTejiBHO  njiocxocTH  sxjihhthxh  (^Be  BepmiiHBi  TeT- 
pas^pa  jiejxajiH  Ha  sxjmnTHxe,  ,n,Be  ^pyraie  -  na  He6ecHOM  MepimnaHe),  hto  no^.TBepjx.n.aeTCH  m arre m arr h ' rec k h 
h  acTpoHOMiinecxiiMii  Ta6jniH,aMH. 

JlnTepaTypa 

[1]  KypjiaHflCKHH  B.B.  KoHn;enii,Hs  hoboto  HayHHoro  HanpaBjiemia  «HcnoBepxHOCTHaa  HCTopaa».  -  M.:  BHTI1II,  2005. 
-  Ns  50200500169. 

[2]  KypjiaHflCKHH  B.B.  IIcTopmecKMi}  hctohhhk  b  spy  puchpoBbix  TexHOjiormi.  AxTyajitHbie  npo6jieMbi  ryMaHHTapHbix 
h  con,najibHO-3KOHOMHaecKHx  Hayx  /COopHiix  CTaTeii  V  MejKflyHapoflHoii  HayaHO-npaKTiiaecKoii  KOH<f>epeHii,HH.  -  M.: 

MOIOA,  2005.  -  119  c. 

Geographical  and  Astronomic  Conditions  Modeling  of  Historical  Events 
in  the  System  of  Coordinates,  Connected  with  Equatorial, 

Horizontal,  Galactic,  Ecliptic  Plates 

Kurlyandskiy  V.V. 

Russian  University  of  Innovations,  Moscow,  Russia 

In  this  paper  is  discussed  a  variant  of  the  3-D  computer  simulating  application  for  development  of  simultaneous 
astronomic  and  historical  events  investigations. 

The  interdisciplinary  approach  for  studying  the  subject  allowed  proposing  the  hypothesis. 

The  Ancient  Egypt  capital,  Alexandria,  should  has  been  situated  on  the  angular  distance  1/2  x  109°28' 
from  the  ecliptic  plane  in  the  moment,  when  the  angle  between  celestial  equator  and  ecliptic  has  been  equal  to 
1/3  x  70°32'  (109°28'  and  70°32'  —  angles  of  Plato’s  polyhedrons  —  tetrahedron  and  hexahedron). 
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300EKT  K03AH-J1HA0BA  H  B03M0>KHbIE 
ABn^CEHHH  3K30IIJ1AHET 

KyTeesa  T.A.,  Cokojiob  JI.JI. 

CaHKm-IJemepSypgcKuu  socydapcmeenHuu  ynueepcumem,  Poccuh, 
AcmpoHOMUuecKuu  uHcmumym  um.  B.B.  Co6ojieea  CIJ6ry,  Poccuh 

Ilccjie^OBaHiiH  3K3onjiaHeT  h  3X3onjiaHeTHBix  cucTeM  hbjihiotch  cero^HH  o,n,Hoii  H3  caMBix  aKTyajiBHBix  3a,n,aH 
acTpoHOMim .  06Hapy»ceHHBie  3K3onjiaHeTBi:  hiicjio  kotopbix  y>xe  npeBBimaeT  cothio,  i-iMeiOT  6ojiBiniie  MaccBi, 
thiih'ihbi  6ojiBmne  3Kcn,eHTpiiciiTeTBi  op6iiT.  IIjiaHeTBi  Tuna  3eMjin  h  MeHBme  y  ^pyraix  3Be3,n,  noxa  HeHabjno- 
,n,aeMBi.  Bo3MO>xHBie  CBoiicTBa  h  xapaxTepncTHXH  op6iiT  Taxnx  3K3onjiaHeT  MoryT  6bitb  nojiyneHBi  c  noMompio 
Hi-icjieHHoro  h  aHaniiTHHecKoro  MO^ejiiipoBaHiiH.  B  nacTHOCTii,  ycTaHOBjieHO,  hto  6ojiBimie  3xcn,eHTpiiciiTeTBi 
op6i-iT  MacciiBHBix  njiaHeT  BjiexyT  nepno/pinecxiie  xojie6amiH  sxcpeHTpiiciiTeTOB  Toro  >xe  nopa^xa  pjm  op6iiT 
MajiBix  njiaHeT  b  njiocxoii  3a,n,aHe.  B  npocTpaHCTBeHHoii  3a,n,aHe  xoiyja  Majiaa  njiaHeTa  pacnojio>xeHa  6jni>xe  x 
3Be3,n,e,  neM  6ojiBmaa,  HMeeT  MecTO  scjjcjDexT  Ko3aii-JIii,n,OBa,  npoHBjijnom,in"iCH  b  xojie6aHiiax  sxcpeHTpiiciiTeTa 
h  naxjiOHa  c  6ojiBmoi“i  aMnjiHTyn,OH.  PaccMaTpiiBaeTcn  3aBiiciiMOCTB  xapaxTepa  h  .nyianasoHa  xojie6aHin“i  sxc- 
peHTpiiciiTeTa  op6iiTBi  Majioii  njiaHeTBi  ot  ee  6ojibihoh  nojiyocn,  sxcpeHTpiiciiTeTa  op6iiTBi  MaccHBHofi  njiaHeTBi, 
B3aiiMHoro  HaxjiOHa  op6iiT.  BumejunoTCH  o6jiacTi-i  peryjiapHoro  h  xaoTiiHecxoro  ^bh>x6hhm. 

PaboTa  BBinojiHeHa  npn  cjnmaHCOBoii  no,zmep:/xxe  Poccuiicxoro  OoH,n,a  OyH^aMeHTajiBHBix  Hccjie^OBaHiiii 
(rpaHT  05-02-17408)  h  Be,n,ymeii  Haymow  IIIxojibi  (rpaHT  HIII-4929.2006.2). 


Kozai-Lidov  Effect  and  Possible  Motions  of  Exoplanets 
Kuteeva  G.A.,  Sokolov  L.L. 

Saint  Petersburg  State  University,  Russia, 

Sobolev  Astronomical  Institute,  SPbGU,  Russia 

The  orbital  eccentricity  oscillations  of  low-mass  exoplanet  due  to  the  Kozai-Lidov  effect  and  influence  of  orbital 
eccentricity  of  massive  exoplanet  are  investigated. 
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o  ,h;bh>kehhh  tejta  noA  aehctbhem  chji,  oepatho- 

nPOIIOPIJHOHAJTbHblX  KBAAPATY  PACCTOSHM, 

npnTHrnBAiomHX  Ero  k  abym  HEnoABn^cHbiM  ijehtpam 

JloflMJKeHCKHii  B.K.,  KHp6aTt.eB  C.B.,  KnpnHHHHKOB  A. II.,  CmiaHTBeBa  O.A. 

OAO  HIJK  «BucoKue  TexH0A03uu»,  CanKm-IJemepSype,  Poccuh 

3a,a,aHa  o  yBioKeHiin  Tejia  no,g  ^eiiCTBiieM  npiiTaaceHiia  ,a,Byx  h  e  i  [  oy  b  m  >k  h  b  [  x  peHTpoB  6bijia  BnepBbie  pemeHa 
JI.  OiiaepoM.  Eii  nocBam,eHbi  Tpn  ero  MeMyapa,  H3  kotophx  ,a,Ba  HamicaHbi  Ha  aaTbimi  h  o,h,hh  na  (f>paHHy3CKOM 
H3bIKe. 

B  hex  3i"uiep  nocTpoiiji  nocpe,a,CTBOM  npoeKipiH  Ten  npiiTaaceHiia  na  och  x  h  y,  a  b  o,h,hom  h3  MeMyapoB 
Ha  och  x,  y  h  z  ^H(f>4)epeHH,HaabHbie  ypaBHemia  .npnaceHiia,  KOTopbie  oh  npiiBea  k  saaHnTHuecKHM  ^i-KjxjDepeH- 
pnajibHbiM  ypaBHeHHHM,  to  ecTb  k  3a,a,aHe  o6paru,eHiia  sjun-mTHHecKi-ix  HHTerpaaoB,  npe,a,CTaBHB  ,a,yry  opbiiTbi 
Tejia  M  b  BH,n,e  cyMMbi  ,a,yr  ,a,Byx  kohh'I6Ckhx  ceueHuu. 

TaxiiM  o6pa30M,  nojiyHeHHyio  op6iiTy  3iuiep  b  o6m,eM  cayuae  onpe^ejiaeT  rcarc  TpaHcpeH.geHTHyio  KpiiByio, 
KOTopaa,  o,a,HaKO,  npn  HeKOTopbix  ycjiOBi-iax  MoaceT  CTaTb  aare6paHuecKoii. 

KpoMe  Toro,  oh  cjropMyai'ipyeT  ycjiOBiia,  cocToarpue  b  o6pam,eHHH  b  Hyab  HeKOTopbix  nocToaHHbix,  bxo^jhuhx 
b  ypaBHemia  ^BiiaceHiia,  npn  KOTopbix  op6iiTa  Teaa  M  npe^CTaBaaeT  co6oi“i  KaacciiuecKoe  KomiuecKoe  ceaem-ie. 

Aaaee  Ta  ace  caMaa  3a,a,aHa  paccMaTpiiBaaacb  b  kohhp  XVIII  CToaeTiia  >K.JI.  JIarpaHaceM,  a  b  XIX  CToae- 
thh  —  K.  5Iko6ii,  h  KOMMeHTaTopaMH  >K.JI.  JIarpaHaca,  >K.A.  Ceppe  h  T.  fl,ap6y. 

Ta  ace  3a,a,aHa  H3yuaaacb  h  Mexam-iKaMH  XX  CTOJieTi-ia,  b  uacTHOCTii,  HanpiiMep,  K.  Illapjibe. 

O/piaKO,  hh  o/p-m  H3  nepemicaeHHbix  aBTopoB  He  noaymia  tohhhx  BbipaacemiH  opbiiTbi  Teaa  M  b  o6iu,eM 
cayuae,  xoth  3Ta  3aflaua  cbo^htch  k  yace  pa3pa6oTaHHoii  Hbme  Teopnii  abeaeBbix  cbyHKHHH,  b  uacTHOCTii  k 
3a^aHe  caoaceHiia  o6pam,eHHii  aaaiuiTH'recKHx  HHTerpaaoB. 

3a^,aua  nocTpoemisi  TpaeKTopnii  op6i-iTbi  Teaa  M  b  o6m,eM  cayuae,  paBHO  Kax  h  ycaoBiie  ee  Bbipoac^eHiia, 
pemaeTca  c  noMom,bio  Teopnii  aaannTHHecKHx  h  abeaeBbix  <J)yHKH,HH,  co3,n,aHHOH  A6eaeM,  5Iko6h,  PiiMaHOM 
h  BeiiepniTpaccoM.  3Toro  Heo6xo,a,HMO  h  ,a,ocTaTOHHO  BOcnoab30BaTbca  TeopeMOii  A6eaa,  onpe^,eaaioiu,eH 
aaaHTHBHbTe  CBOHCTBa  aaannTHHecKHx  HHTerpaaoB  I  h  II  po,a,a. 

Taxoe  pememie  no3BoaaeT  paccMOTpeTb  3a,a,aHy  06  ycTOHHHBOCTH  ,n,BHaceHHH  Teaa  M  (saannTHHecKiie  h 
riinep6oaHHecKi-ie  TpaeKTopnii)  b  3aBHCHMOCTH  ot  HanaabHbix  ycaoBiiii. 


About  Body  Motion  under  the  Action  of  Inverse-Square-Law  of  Space  Forces 
Which  is  Gravitating  it  Towards  Two  Fixed  Centers 
Lodyzhenskiy  V.K.,  Kirbyatiev  S.V.,  Kirpichnikov  A.P.,  Silantieva  O.A. 

Research  and  Production  Company  "High  Technology" ,  Saint-Petersburg,  Russia 


The  solving  of  problem  of  body  M  motion  posed  by  Euler  under  the  action  of  two  fixed  centers  by  means  of 
methods  of  Abelian  functions  is  obtained. 


HEBECHAX  MEXAHMKA 
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riEPEXOAbl  MEOKAV  PA3JIHHHbIMH  THIIAMH  OPEHT  B 
HEYCTOHHHBblX  TPOHHbIX  CHCTEMAX 

MapTbiHOBa  A.H.,  Opjion  B.B. 

CaHKra-IIemep6ypdCKan  necomexHUHecKan  anadeMUH,  Poccuh, 
AcmpoHOMUHecKuu  uHcmumym  um.  B.B.  Co6ojieea, 
CaHKm-IJemep6yp2CKUu  socydapcmeennuu  ynueepcumem,  Poccuh 


PaccMaTpHBaeTCH  rpaBHTauyiOHHaa:  npo6jieMa  Tpex  Teji  paBHBix  Macc  c  HyjieBBiMi-i  HauajiBHBiMH  cxopocTHMii. 
Mhojkbctbo  nanajiBHBix  ycjiOBiiii  b  stoh  3a^3,aue  npe,n,CTaBjiHeT  co6oh  3 aMKHy Toe  xoMnaxinoe  ^,ByMepHoe  mho- 
roo6pa3ne  D  (pi-ic.  1). 


Phc.  1.  06jiacTb  HanajibHMx  ycjiOBHii  flji, a  TpoiiHbix  CHCTeM.  KoMnoHeHTbi  pacnojiaraiOTca  b  tohkhx  Al,  A2  h  A3. 

IlpoBe^eHO  CKamipoBamie  o6jiacTH  D  c  iuaraMH  h j  =  hv  =  0.001.  lIpocjie>xeHa  3bojiioh,hh  xa>x,ii,OH  tpohhoh 
ci-iCTeMBi  ,n,o  ee  pacna^a  hjih  xpiiTiiuecxoro  BpeMemi  Tcr,;t  =  lOOOr,  r,a,e  r  —  cpe^Hee  BpeMH  nepeceueHiia 
KOMnoHeHTOM  TpoiiHoii  CHCTeMBi  (cm.  ArexHH  h  AHOCOBa  1967).  Cpe^n  paccMOTpeHHBix  tpohhbix  ciictcm  bbi- 
^.ejieHa  nonynHuyiH  MeTacTa6njiBHBix  chctcm  c  ^jiHTejiBHBiM  BpGMeHGM  At  >  lOOr  HenpepbiBHoro  npe6BiBaHHH 
b  coctohhiih  npocToro  B3aiiMO,n,eHCTBHH  Teji  (cm.  Arexsm  h  MapTBiHOBa  1973). 

HsyneHiie  xapaxTepa  ^BioxemiH  b  stiix  cucTeMax  noKa3ajio,  hto  b  MeTacTa6miBHOM  coctohhiiii  (J>a30Ba5i 
TpaeKTopHH  «npnjinnaeT»  k  o^hoh  iijih  hcckojibkiim  ycTOHUHBBiM  nepno^HuecxHM  op6iiTaM  (cm.  MapTBiHOBa 
n  ,np.  2003).  PaccMOTpeHBi  nepexo^Bi  Me>x/3,y  « n pn j i h 1 1 a h h hm h »  k  pa3JiHHHBiM  nepiio^iiHecKHM  op6i-iTaM  (®oh 
IUy6apT  1956,  Bpyx  1979,  Myp  1993).  Kax  npaBHjio,  MeTacTa6HjiBHBie  TpaexTopmi  b  oxpecTHOCTH  opbiiTBi  cJdoh 
IUy6apTa  (1956)  coBepmaiOT  jin6paH,HOHHBie  h  npepeccHOHHBie  ^BioxemiH.  B  TpaexTopnax,  «iipnjiHiiaKiinHx»  x 
^ByM  ^pyniM  op6iiTaM,  nponcxcypiT  6BiCTpaa  CMeHa  xapaxTepa  ^bhjkchhh  -  nepexo^Bi  ot  ^bhjkchhh,  6jih3xhx 
x  paBHo6e,npeHHBiM,  x  ^bhhcchhhm,  oroiCBiBaromiiM  (jrarypy  «BOCBMepxa»,  h  o6paTHO. 

JlHTepatypa 

[1]  ArexaH  T.A.,  AHOCOBa  >K.I1.  Actpoh.  >KypH.,  1967,  T.  44,  C.  1261. 

[2]  ArexaH  T.A.,  MapTBiHOBa  A.H.  BecTHHK  JIFY,  1973,  Cep.  1,  N  1,  C.  122. 

[3]  Bpyx  (Broucke  R.)  Astron.  Astrophys.,  1979,  V.  73,  P.  303. 

[4]  MapTBiHOBa  h  ,ap.  (Martynova  A. I.,  Orlov  V.V.,  Rubinov  A.V.)  Monthly  Notic.  Roy.  Astron.  Soc.,  2003,  V.  344,  P. 
1091. 

[5]  Myp  (Moore  C.)  Phys.  Rev.  Lett.,  1993,  V.  70,  P.  3679. 

[6] ®oh  IIIy6apT  (Von  Schubart  J.)  Astron.  Nachr.,  1956,  B.  283,  S.  17. 

Transitions  Between  Different  Types  of  Orbits  in  Unstable  Triple  Systems 

Martynova  A. I.,  Orlov  V.V. 

Saint  Petersburg  State  Forest- Technical  Academy,  Russia 

The  equal-mass  three-body  problem  is  numerically  studied.  The  populations  of  metastable  systems  having  a 
long  life-time  were  rerevealed.  Such  trajectories  stick  to  a  few  stable  periodic  orbits. 
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HOBblE  IJEHTPAJIbHblE  KOHOHryPAIjnH:  METO^bl  IIOCTPOEHHH 
H  nCCJIEAOBAHHE  YCTOHHHBOCTH 

IlepoB  H.H.,  Me,n,Be/],eB  IO.,ZJ. 

flpocAaecKuu  eocydapcmeennuu  nedmozuuecKuu  ynueepcumem,  Poccuh, 
Mncmumym  npuKAadnoil  acmpoHOMUu  PAH,  Poccua 

Onpe^ejieHiie  peHTpaxiBHoi!  ko h cji) h ry p a h h h  npiiBOAHTCH  b  MOHorpa<])HH  A.  YiiHTHepa  [1]:  I  bgktopob  Rj,  onpe- 
;i;ej[HK)inHe  nojioxeHiiH  I  Teji  c  MaccaMi-i  mi,  m2,-  ■ .,  mj  b  6apiin,eHTpiiHecK0i"i  cucTeMe  KoopAimaT  o6pa3yioT 
peHTpajiBHyio  KOHcjmrypapHio  OTHOCiiTejiBHO  nojioiKHTexiBHBix  KOHCTaHT  mi,  m2,. . rrij,  ecxui  cnjia  npHTHuce- 
hmh,  fleiicTByromaH  Ha  J  Tejio  b  cjniKCiipoBaHHBiH  momght  BpeMemi  nponoppiiOHajiBHa  Macce  m-j  h  BeKTopy 

R  7 

Fj  =  xmjRj,J  =  1 . .  .1.  (1) 

CKajrap  x  He  3aBiiciiT  ot  J,  npnueM  3HaHemie  \  Ha  ocHOBamiH  npHBe,n,eHHoro  ypaBHemiH  h  3aKOHOB  HniOTOHa 
onpe^ejiaeTCH  e,zi,riHCTBeHHBiM  o6pa30M.  OneBii^HO,  iiccjieflOBaHiie  peHTpajiBHBix  KOHcjuirypapiiH  cboahtch  k  iih- 
TerpiipoBaHiiK)  flHcjK^epeHpiiajiBHBix  ypaBHemin  flBHxeHaa  He6ecHBix  Text  b  3aMKHyTOi"i  cjiopMe,  hto  npHBOAHT 
k  yMeHBHieHiiio  ohiii6ok  h  skohomht  BpeMH  BwiHCJieHHH  no  cpaBHemiio  c  HiicjieHHBiM  HHTerpiipoBaHiieM  [2, 
3].  Kax  noKa3aji  J.  PaBajin  [2]  cyrpecTByeT  rjiy6oKan  4»i3i-inecKaH  cbh3b  MexcAy  TOHKaMii  xrabpapHH  (paBHO- 
Becim)  rpaBHTiipyiomeii  cucTeMBi  h  KOHpenpiiHMH  npoiicxojKAeHiiH  cnyTHiiKOB  njiaHeT,  CojmeHHOH  chctgmm, 
r ajiaKTHKH  h  CKonjieHiiii  rajiaxTHK.  IIohck  Bcex  peHTpaxiBHBix  ko h c}:> h i  v p a h h h  a^h  npoii3BOJiBHoro  uiicjia  Ma- 
TepiiajIBHBIX  TOHeK  I  C  npOI-I3BOJIBHBIMI-I  MaCCaMI-I  mi,.  .  .,  VlJ  II  npOII3BOJIBHBIMH  3aKOHaMII  B3ai-IMOAeHCTBHH  B 
HacTOHipee  BpeMH  othociitch  k  HepemeHHoii  3aAaue  He6ecHOi"i  MexamiKH  [3] . 

B  pa6oTe  npeACTaBjieHBi:  a)  mgtoabi  nocTpoemiH  npxMOJiHHeftHBix,  njiocKiix  1-1  npocTpaHCTBeHHBix  peHTpajiB- 
hbix  KOH(.J)iii  ypanHH  N  rpaBHTiipyiom,Hx  Teji;  6)  mgtoabi  i-iccjieAOBaHHH  hx  ycTOiiHiiBOCTii;  b)  npiuionceHiiH  i-ic- 
cjieAyeMBix  AHHaMHXiecKHx  MOAejieii  k  peajiBHBiM  He6ecHOMexaHiiHecKHM  cucTeMaM.  BnepBBie  nojiyueHO  ymi- 
BepcajiBHoe  ypaBHeHiie  a^h  onpeAeJiemiH  nojioxceHHii  paBHOBeciiH  3 N  Majinix  Text  b  rpaBHTapHOHHOM  noxie 
BpaipaiomerocH  c  yrjiOBOii  ckopoctbio  u>  npaBiixiBHoro  iV-yroxiBHiiKa.  YpaBHemie  npiiMeHiiMO  a^h  neTHBix  h 
HeneTHBix  miceji  ochobhbix  Text  Maccoii  m,  a  Tarae  rjih  onpeAeJiemiH  BHyTpeHHiix  h  BHemmix  ToneK  jni6pa- 
Aiiii .  ObHapyxceHO  «Hcne3HOBemie»  BHyTpeHHiix  TOueK  paBHOBeciiH  npn  onpeAejieHiioii  Macce  peHTpaxiBHoro 
Tejia,  KpoMe  tohki-i,  coBnaAaiomeH  c  peHTpoM  Macc  MHoroyrojiBiiiiKa  npn  M  =  0.  BnepBBie  i-iccxieAOBaHa  ycToii- 
hhboctb  paccMOTpeHHOii  AiiHaMii'iecKOii  cucTeMBi.  B  nacTHOCTii,  ycTaHOBxieHO,  hto,  HammaH  c  onpeAejiemioro 
OTHomeHHH  Macc  peHTpajiBHoro  Tejia  M  h  Texi  c  Maccoii  m  b  Koxmpe,  Ha6xiiOAaeTCH  ycTOiimiBOCTB  b  TOHKax  xih6- 
papHH  (npn  3 tom  b  xHiHeiiHOM  iipii6jiH>KeHHH  He  BcerAa  yAaeTCH  scjxjxeKTHBHO  i-iccxieAOBaTB  sth  AHHaMHuecKne 
MOAexm  Ha  ycToiiHHBOCTB) .  fp151  CHCTeMBi  4  Teji  (peHTpaxiBHoe  h  Tpn  b  Bepunmax  TpeyrojiBHiiKa)  3to  OTHome- 
Hne  paBHO  M/m  =  43.191031980399995.  BcjicjieKTHBHOCTB  MOAejin  B03pacTaeT  c  poctom  paccTOHHiiH  ochobhbix 
Teji  ot  peHTpaxiBHoro  Tejia,  y Bex  1  h ' re h hgm  uiicjia  Teji  h  yMeHBmeHiieM  MaccBi  peHTpaxiBHoro  Tejia  h  paccTOHHiiii 
Me>KAy  ochobhbimh  TejiaMH.  PaspaGoTaHHyio  TaKJKe  MOAexiB  KBa3iiii,eHTpaxiBHOH  KOHcjnirypapiiii  npeAxiaraeTCH 
iicnojiB30BaTB  ajih  onncaHHH  noBeAemiH  KOxiBpeBBix  CTpyKTyp,  KOop6iiTaxiBHBix  cnyTHiiKOB  njiaHeT,  o6T>eKTOB 
o6jiaKa  OopTa. 

JlHTepaiypa 

[1]  YuHTHep  A.  AHajiHTiiHecKHe  ochobbi  He6ecHoii  MexamiKH.  M.:  HayKa,  1967.  524  c. 

[2]  Rawal  J.J.  Physical  significance  and  the  role  of  Lagrangian  points  and  the  Oort  clouds  of  planets  in  the  Solar  System 
//  Earth,  Moon,  and  Planets.  1992.  V.  58.  char  157  2.  P.  153-161. 

[3]  Cors  J.P.,  Llibre  J.,  Olle  M.  Central  configurations  of  the  planar  coorbital  satellite  problem  /  Celestial  Mechanics 
and  Dynamical  Astronomy.  2004.  V.  89.  P.  319-342. 


New  Central  Configurations:  Methods  of  Construction 
and  Investigation  of  the  Stability 

Perov  N.I.,  Medvedev  Yu.D. 

State  Pedagogical  University,  Yaroslavl,  Russia, 

Institute  of  Applied  Astronomy,  Saint.  Petersbourg,  Russia 

Methods  of  construction  of  linear,  planar  and  space  central  configurations  of  N  gravitating  bodies,  as  well  as 
methods  of  investigation  of  their  stability  are  considered.  Some  applications  of  these  dynamical  models  for  the 
real  celestial  mechanical  systems  are  presented. 
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MYJIbTHIIOJIbHblE  MOAEJin  TEOMArHHTHOrO  IIOJI5I  H  BJIMHHE 

PErPEcenn  oPbnTbi  b  3Aaahe  ob  djiektpoahhamhheckom 

YIIPABJIEHHH  OPHEHTAIJHEH  HC3 
Thxohob  A. A.,  Ahthiiob  K.A. 

CaHKm.-nemep6yp2CKUu  eocydapcmeennuu  ynueepcumem,  Poccuh 

MarmiTHbie  h  jiopeHpeBBi  chjibi,  nopoK^aeMbie  B3aiiMO,n,eiicTBiieM  reoMarHHTHoro  nojia  c  ^BiDKymiiMCH  ot- 
HOCiiTejiBHO  nero  HC3,  OKa3BiB aiOT  cruiBHoe  Bjim-rHue  Ha  BparpaTejiBHoe  ^BHJKeHHe  HC3  BOKpyr  ero  peHTpa 
Macc.  9to  BBi3BiBaeT  ireo6xo,n,HMOCTB  TipaTejiBHoro  aHajiHTHuecKoro  iiccjie^OBaHHH  flHHamKH  BparpaTejiBHoro 
,a,BH>KeHHH  HC3  c  yueTOM  Tamix  cjraKTopoB  kslk  irepeHTpajiBHOCTB  rpaBHTapiiOHHoro  nojia  3eMjiH,  BBi3BiBaio- 
in, an  perpecciiio  opbiiTBi  HC3  [1],  h  cjiOHCHaa  MyjiBTiinojiBHao  CTpyKTypa  MarHiiTHoro  nojia  3eMjni  [2].  O/piaKO, 
ynoMHHyToe  B3aHMO^,eiicTBHe  HC3  c  reoM arm-iTHBiM  nojieM  MO»ceT  6bitb  nojio»ceHO  b  ocHOBy  ciiHTe3a  CHCTeM 
sjieKTpo^HHaMHHecKoro  ynpaBjieHira  opHeHTapiieii  HC3  [3].  B  pa6oTe  [4]  noKa3aHO,  hto  sjieKTpo^iiHaMHHe- 
CKaa  CHCTeMa  ynpaBjieHira,  ocHOBaHHaa  Ha  i-icnojiB30BaHHH  jiopeHpeBBix  chji,  pemaeT  3a^,aoy  CTa6HjiH3an,HH 
HC3  b  op6iiTajiBHoii  cucTeMe  KOop^imaT.  B  ^OKjia^e  H3JiaraiOTCH  pe3yjiBTaTBi  iiccjie^OBaHHii  sjieKTpo^HHaMii- 
necKOH  CTa6HjiH3an,HH  HC3,  BBinojiHeHHBie  c  yueTOM  perpeccnn  op6i-iTBi  HC3  p,jis  pa3JiHHHBix  MyjiBTiinojiBHBix 
npHf)j[n>KeHHH  reoMarHHTHoro  nojia,  npiioeM  b  6ojiee  o6in,eH  nocTaHOBKe  6jiaro^,apa  yueTy  chji  MarHiiTHoro 
B3 ao m o; te h c rr b h a  HC3  h  reoMarHHTHoro  nojia.  IIoKa3aHO,  hto  sjieKTpo^HHaMHHecKHii  MeTO,n,  mojkct  ycnemno 
npiiMeHHTBCH  pjm  CTa6HjiH3au,HH  HC3,  naxo^amiixca  Ha  perpecciipyiomiix  opbiiTax,  a  yueT  bbicihiix  (nocjie 
KBa^pynojiBHoii)  cocTaBjunomiix  reoMarHHTHoro  noTeHipiajia  He  HBjiaeTca  npiiHu,nnHajiBHO  BaacHBiM  b  3a,n,aHe 

o  CTa6HjiH3an,HH  HC3  yKa3aHHBiM  mcto^om. 

PaboTa  BBinojiHeHa  npn  no.zpi.epxcKe  POOH  (rpaHT  05-01-01073). 
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3,  C.  219-229. 
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3an,HH  KOCMHnecKHx  annapaTOB  /  HeTBepTbie  IlojiaxoBCKHe  HTemia:  H36paHHbie  Tpyflw.  CI16.:  H3jj;-bo  «BBM»,  2006. 
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[4]  AHTimoB  K.A.,  FIcTpoB  KT.,  Thxohob  A. A.  3jieKTpoflHHaMHHecKHii  MeTOfl  TpexocHoil  CTa6HjiH3au,HH  fliiHaMHuecKii 
CHMMeTpHHHoro  KOCMHHecKoro  annapaTa  //  Becra.  C.-  IIeTep6ypr.  yH-Ta.  Cep.l,  2006,  Bbin.  1  (N®  1)  C.  75-86. 


Multipole  Models  of  Geomagnetic  Field  and  the  Influence  of  the  Orbit  Decaying 
in  the  Problem  of  Electrodynamical  Attitude  Control  of  Artificial  Earth’s  Satellite 

Tikhonov  A. A.,  Antipov  K.A. 

Saint-Petersburg  State  University,  Russia 

The  paper  deals  with  an  artificial  Earth’s  satellite  interacting  with  the  geomagnetic  field  by  magnetic  and 
Lorentz  forces.  The  attitude  motion  of  a  satellite  with  electrodynamical  attitude  control  system  is  studied  with 
the  use  of  various  multipole  approximations  of  geomagnetic  field.  Secular  perturbations  of  orbit  caused  by  the 
Earth’s  oblateness  are  taken  into  account.  It  is  shown  that  electrodynamical  attitude  control  system  may  be 
successfully  used  for  angular  stabilization  of  a  satellite  on  a  decaying  orbit. 

This  work  is  supported  by  of  RFBR  (Grant  05-01-01073). 
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O  TEOPHH  MIiyHOBA  OHryP  PABHOBECM  HEBECHbIX  TEJ1 

XojiineBHHKOB  K.B. 

CaHKm-nemepSypzcKuii  socydapcmeennuu  ynueepcumem,  Poccua 

Tpn  H3  nHTri  tomob  co6paHHH  co'ihh6hhh  A.M.JLinyHOBa  nocBHmeHBi  Teopim  cjniryp  paBHOBecmi  ne6ecHBix 
Teji.  MaTeMaTiinecKi-i  3a^,ana  cbo^iitch  k  pemeHino  HHTerpajiBHBix  h  iiHTerpo-^i-KjKjjepeHpiiajiBHBix  ypaBHeHHH. 
06o3HaHiiM  Tpri  BaxHeiimiix  BKjia^a  A.M.JLinyHOBa  b  paccMaTpimaeMyio  npo6jieMy. 

Bo-nepBBix,  Haxo>K/i;eHHe  ycjiOBiiii  cymecTBOBaHini,  e^HHCTBeHnocTi-i  h  KoppeKTHOCTii  penieHiia.  Bbii"i,h,h  3a 
paMKii  nacTHOii  acTpoHOMiiHecKoii  aa/tami,  ohii  boiiijiii  b  o6m,yio  Teopmo  h  nojiyHiuni  ^ajiBHeiimee  pasBiiTiie. 

Bo-btopbix,  cjjopMajiBHoe  pememie  salami  b  BH,n,e  ph,h,ob  (Ha3BiBaeMBix  Tenepb  pa,a,aMH  JInnyHOBa)  no  CTene- 
hhm  HeKOToporo  Majioro  napaMeTpa  q.  9to  HanpaBjieniie  He  pa3BHBajiocB.  JIhhib  He^aBHO  mbi  MO,n,epHH3HpoBajiH 
ajiropiiTM  .JlanyHOBa,  nojiB3yncB  bo3mo>khocthmh  KOMnBiOTepHon  ajire6pBi. 

B-TpeTBiix,  ,n,OKa3aTejiBCTBO  cxo^hmocth  pnq,OB  JlanyHOBa  rjisi  q  <  qo,  qge  BHe  3aBi-ici-iMOCTi-i  ot  pacnpe,n,e- 
jiemiH  Macc  <70  =  3.7  •  10~4.  OpeHica  JInnyHOBa  rpy6a  ,h,ji a  6ojiBmimcTBa  KOHKpeTHBix  Ten,  o^HaKO  hiikto  He 
nBITajICH  ,H,OCTHHB  HOB  BIX  pe3yjIBTaTOB  B  3TOM  HanpaB  JieHIIII .  JIlIHIB  He^aBHO  MBI  nOJiyHHJIH  TOHHBie  3HaHeHIIH 

pa^,iiyca  cxo^hmocth  q*  b  ,n,Byx  Kpaimux  cjiynanx  o^Hopo^Horo  Tejia  ( q *  =  0.336998559)  h  cocpe^OToneHHoii  b 
peHTpe  MaccBi,  OKpynceHHoii  HeBecoMoii  aTMOCcjiepoH  ( q *  =  0.541115598). 

TeopeMa  o  cxo^iimocth  pa,n,OB  npn  q  <  qo  H3JiaraeTCsi  b  y'ie6)HHKax.  Otmcthm  nponymeHHyio  hx  aBTopaMii 
^eTajiB.  A.M.JInnyHOB  Hiir^e  He  npiiBO^iiT  rpoM03^Koro  ^OKa3aTejiBCTBa,  o6eir,aji  c^ejiaTB  sto  no3»ce.  Tparai- 
necKaji  CMepTB  noMemajia  eMy  bbihojihiitb  o6eir,aHHe.  51  npii3BiBaio  cnepnajincTOB  b  stoii  o6jiacTi-i  MaTeMaTHKH 
BOCCTaHOBHTB  ,zi,OKa3aTejiBCTBO  H,  bo3mo>kho,  nojiymiTB  6ojiee  TOHHBie  opeHKii,  najiojKHB  pasyMHBie  orpaHiine- 
HIIH  Ha  4)yHKH,HOHaiIBHyiO  3aBHCHMOCTB  njIOTHOCTII  OT  paCCTOHHIIH. 

PaboTa  BBinojiHeHa  npn  cjnmaHCOBOH  no^nepiKKe  POOH  (rpaHT  05-02-17408)  h  CoBeTa  no  rpamaM  npe3ii- 
^eHTa  PO  no^mepjKKii  Be^yipiix  naynHBix  hikoji  (rpaHT  HIH-4929.2006.2). 


On  the  Liapunov  Theory  of  Equilibrium  Figures  of  Celestial  Bodies 

Kholshevnikov  K.V. 

Saint  Petersburg  State  University,  Russia 


A  significant  contribution  of  A. M. Lyapunov  to  the  theory  of  equilibrium  figures  of  celestial  bodies  is  described,  as 
well  as  its  development  since  then.  Yet  existing  problem  of  convergence  domain  of  Lyapunov  series  (representing 
these  figures)  is  pointed. 


HEBECHAH  MEXAHHKA 
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3KCTPEMAJIbHbIE  TPAEKTOPHH  B  IIJTAHETHOH 
3AAAHE  MHOrnX  TEJ1 

IIlMBipOB  A.C. 

CaHKm.-nemep6yp2CKUu  socydapcmeennuu  ynueepcumem,  Poccuh 

Mson-ie  3a,p,SHn  KjiaccHHecKoft  h  He6ecHOi“i  MexaHHKH  cbo^htch,  KaK  noKasaji  A.  IlyaHKape  [1],  k  iiccjie1n,OBaHHio 
raMI-IJIBTOHOBOH  CHCTeMBi  ypaBHeHHH  C  raMIIJIBTOHIiaHOM 

H(x,y)  =  H0(y )  +  yH^x,  y), 

rp,e  ( x ,  y)  —  bgktopbi  KOop/y-maT  h  iiMnyjiBCOB,  y  —  MajiBift  napaMeTp,  a  B03Mym,aiOHi,HH  raMiuiBTomiaH  Hi 
3aBricriT  ot  KOMnoHeHT  x  nepiioyiiHecKii.  Tanaa  cjropMa  ypaBHemiii  BecBMa  yyobHa  KaK  yjra  aHaj  i  ht  h  hoc  k  h  x ,  TaK 
h  yjra  KanecTBeHHBix  iiccjieyoBaHHii  cbohctb  yBiuKeHira.  B  nocjieyHeM  cjiyuae  BecBMa  acjxjreKTHBHBiM  nBjiaeTca 
iicnojiB30BaHiie  BapnaiyiOHiiBix  npimiyinoB  [2],  no3BOjijnom,iix  ycTatiaBjiriBaTB  cymecTBOBaHiie  TpaeKTopnii  c 
MajiBiM  H3MeHemieM  iiMnyjiBCOB  Ha  6ecKOHeHHOM  npoMencyTKe  BpeMemi.  IlycTB  L(x,x)  =  Lq(x)  +  yL i(x,x)  — 
jiarpaH»a-iaH,  cooTBeTCTByiomnii  raMiijiBTOHiiaHy  H.  3ay,a,n,HM  BeKTop  c  h  paccMOTpiiM  3ayauy  MHHHMH3an,HH 
4)yHKH,HOHana  yeiiCTBiisi  fQ  ( L(x ,  x)  +  cx)dt  na  TpaeKTopiiax  co  cbo6o/i,hbim  npaBBiM  kohh,om.  Kax  noxasaHO  b  [2], 
npn  t  — >  oo  ceMeiicTBO  pemeHiiii  TaKoii  3a,n,aHH  iiMeeT  npeyeji,  kotopbih  Ha3BiBaeTca  MHHHMajiBHoft  TpaeKTopneii. 
CymecTBOBaHiie  Tamix  TpaeKTopnii  o6ecneHHBaeTCH  BBinyKjiocTBio  cJ’jvhkhhh  L0(x),  hto  uacTO  BCTpeuaeTca  b 
npHJIOJKeHHHX . 

A.  IlyaHKape  noKa3aji  [3],  hto  pa3Jio»ceHH!iM  JlarpaHxa  B03Mym,aioiii,eH  <J)yHKH,HH  njiaHeTHoii  3a,n,aHH  mho- 
nix  Teji  moxcho  npriyaTB  raMiuiBTOHOBy  cjropMy  c  raMHjiBTOHi-iaHOM  Biiya  H.  IlpH  HCCJieyoBaHHH  stoii  3a,n,aHH 
BapiiapiiOHHBiM  MeToyoM  B03HiiKaeT  TpynyocTB,  CBjraaHHan  c  BBiponcyermocTBio  HeB03Mym,eHHoii  nacTi-i  raMiuiB- 
TOHiiaHa,  xoTopaa  3aBiiciiT  tojibko  ot  6ojibhihx  nojiyoceii  njiaHeT,  nosTOMy  3,n,ecB  peuB  nyeT  o  nocTpoeHini 
SKCTpeMajiBHBix  TpaeKTopnii.  3a,n,aHa  mhhhmh33hhh  cbo^htch  k  iiccjieyoBaHHio  raMiijiBTOHOBoii  cucTeMBi  c  ra- 

MHJIBTOHIiaHOM  BHya 

2  (At)-2  +  pFk(^k,  A k,t), 

rye  (Afc,Afc)  —  nepBaa  napa  sjieMeHTOB  BTopoii  xaHO h h h ec ko h  cucTeMBi  IlyaHKape  yna  k- oii  njiaHeTBi,  yF \  — 
B03Mym,eHiie.  TpyyHOCTB  iiccjieyoBaHHH  TaKoii  cucTeMBi  3aKjiK>HaeTca  b  tom,  hto  3aBiiciiMOCTB  <J)yHKH,HH  F % 
ot  BpeMeHii  nenepiio^HHecKaa.  TeM  ne  MeHee,  MHHHManBHBie  TpaeKTopnii  stoii  cucTeMBi,  KaK  ycTaHOBjieHO 
b  [2],  yonycKaiOT  acjxjDeKTHBHBie  oyeHKii  Ha  H3MeHeHiia  iiMnyjiBCOB.  9to  b  cboio  onepeyn  no3BOjiaeT  cyejiaTB 
3aKjnoHeHiie  o  MajiBix  H3MeHeHiiax  op6iiTajiBHBix  sjieMeHTOB  njiaHeT  Ha  6ecKOHenHOM  npoMeacyTKe  BpeMeHii, 
T.e  06  ycTOHHHBOCTii  njiaHeTHoii  CHCTeMBi.  TaKiiM  o6pa30M,  BMecTe  c  1 1  ep  n  oy  h  '  i  e  c  k  h  m  h  ,  acHMnTOTHnecKHMH  h 
ycjiOBHonepiio^HHecKHMH  pemeHHaMH  SKCTpeMajiBHBie  TpaeKTopnii  yaiOT  BecBMa  obmiipHBiii  Kjiacc  ycTOiiHiiBBix 
Moyejieii  yBiuKeHira  ynsi  njiaHeTHBix  cucTeM. 

JlmepaTypa 

[1]  IlyaHKape  A.  HoBbie  MeToybi  He6ecHoii  MexamiKii  //  H36paHHbie  Tpyybi:  B  3  t.  T.  1.  M.,  1971.  771  c. 

[2]  IIlMBipOB  A.  C.  yCTOHHHBOCTb  B  raMHJIBTOHOBBIX  CHCTeMaX.  CI16.,  1995.  127  c. 

[3]  IlyaHKape  A.  JleKiyiH  no  He6ecHoii  MexaHHKe.  M.,  1965.  572  c. 


Extremal  Trajectories  in  the  Planetary  Few  Bodies  Problem 

Shmyrov  A.S. 

Saint  Petersburg  State  University,  Russia 

The  special  form  of  the  equations  of  movement  in  the  planetary  problem  of  few  bodies,  proposed  by  Poincare,  is 
investigated  by  variational  methods  with  the  help  of  the  modified  principle  of  the  least  action.  Convex  properties 
of  Lagrangian  allow  to  prove  the  existence  of  extreme  trajectories  and  to  estimate  changes  of  orbital  elements. 
In  result  the  existence  of  an  extensive  class  of  the  trajectories  modelling  stable  movement  on  an  infinite  time 
interval  is  established. 
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CELESTIAL  MECHANICS 


OCOEEHHOCTH  ,H;BH>KEHH5I  nblJIEBbIX  HACTHIi;  B 
nPnnOBEPXHOCTHOM  IIJ1A3MEHHOM  CJTOE 
EE3ATMOC<f>EPHOrO  HEBECHOrO  TEJ1A 

^KOBJieB  A.B. 

CaHKm-nemepSypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccusi 

B  CBH3H  c  03ByHeHHbiMi-i  Pocciieii,  CIIIA  n  KiiTaeM  njiaHaMii  co3^aHiiH  iioctohhhoh  jiyHHoii  6a3ti  pe3KO  B03poc 
riHTepec  k  HayieHUK)  HBjieHHH  h  npopeccoB  Ha  noBepxHOCTH  JlyHbi.  9to  b  uacTHOCTii  Heo6xo,n,HMO  pflu  onpe^e- 
jieHHH  onTHMajiBHoro  pacnojiOHceHira  TaKoii  6a3bi.  O^hhm  h3  HBjieHiiii,  KOTopoe  MOHteT  cymecTBeHHO  noBjniHTb 
Ha  B03MO>KHOCTb  npoBe^emiH  acTpoHOMHHecKiix  HaSjiro^eHHH  c  jiyHHoii  noBepxHOCTH,  a  TaK»ce  Ha  pe3yjn>TaTbi 
npe,H,BapHTejibHbix  HCCJie,n,OBaHHH  sjieMeHTHoro  cocTaBa  c  6opTa  HCKyccTBeHHoro  cnyTHHKa  njiaHeTbi,  HBjiaeTCH 
no.a.'beM  MejiKHx  cjrparMeHTOB  jiyHHoro  rpyHTa  he/i,  ee  noBepxHOCTbio  Ha  bbicotbi  ,n,o  100  km  [1].  llo  MHeHino 
6ojibHiiiHCTBa  iiccjie^OBaTejieii  jieBHTapiiH  uacTHH,  jiyHHoro  rpyHTa  npoHCxqnyiT  6jiaro,n,apH  ajieKTpocTaTiiuecKO- 
My  B3ai'IMO,H,eHCTBHIO. 

B  pjpje  npe^bi^ymrix  paboT  HaMii  npe^jionceHa  MO,a,ejib  npopecca  h  nojiyHeHbi  ypaBHemiH  BepTHKajibHoro 
^BHxceHHH  jiyHHoii  nbuiii.  B  o6iu,eM  cjiyuae  3a,n,aHa  cbo,h,htch  k  iiccjie^OBaHi-no  HeraMiuibTOHOBoii  cucTeMbi  c 
3/2  CTeneHHMH  CBo6o,n,bi.  Ha  ocHOBe  HiicjieHHbix  pacueTOB  noKa3aHO,  hto  b  3aBHCHMOCTH  ot  pa3Mepa  uacTHpbi 
rpyHTa  ocymecTBjiaeTCH  o,h,hh  h3  Tpex  B03MO>KHbix  Bapi-iaHTOB  ee  BpeMeHiroii  3bojhoh,hh  [2] . 

B  HacTOHru,ei"i  pa6oTe  npoBe,n,eH  aHajni3  (fuaHuecKHx  npnuiiH  B03HiiKH0BeHiiH  pa3jn-iHHbix  bh,h,ob  ^BiixceHira 
h  HCCJie^yeTCH  hx  ycTOiiuiiBOCTb. 

JlHTepaiypa 

[1]  T.J.  Stubbs,  K.R.  Vandrak,  W.M.  Farell.  A  dynamic  fountain  model  for  lunar  dust.  //Advances  in  Space  Research, 
2006,  v.37,  p.59-66. 

[2]  E.K.  Kolesnikov,  A.B.  Yakovlev.  Vertical  dynamics  and  horizontal  transfer  of  submicron-sized  lunar-regolith  micro¬ 
particles  levitating  in  the  electrostatic  field  of  the  near-surface  photoelectron  layer./ /Planetary  and  Space  Science,  2003, 
v.51,  p.879-885. 

Peculiarity  of  Dust  Particle  Motion  in  the  Near-Surface  Plasma 
Layer  of  Disatmospheric  Celestial  Body 

Yakovlev  A.B. 

Saint  Petersburg  State  University,  Russia 

In  the  present  paper  we  investigate  physical  reason  for  the  existence  of  three  possible  regimes  of  dust  particle 
vertical  oscillations  and  stability  of  these  motions. 
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HEJIHHEHHblE  fiHOOEPEHUflAJIhHHE  YPABHEHHH 

H  HX  nPHJIOMEHHH 

NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


THE  STABILITY  AND  STABILIZATION  OF  SOLUTIONS 
OF  THE  DIFFERENTIAL  EQUATIONS  AND  ITS  APPLICATIONS 

Boykov  I.V. 

Penza  State  University,  Russia 

In  the  first  part  of  the  presentation,  a  review  of  the  works  of  the  author  devoted  to  stability  of  the  motion 
[1-5]  is  given.  Given  new  criterions  of  stability  of  nonlinear  differential  and  difference  equations  in  Banach 
spaces,  of  stability  of  solution  of  nonlinear  differential  equations  systems  with  delay,  nonlinear  systems  of 
differential  equations  with  a  small  parameter  attached  to  derivative,  nonlinear  systems  of  partial  differential 
equations.  Stability  of  solution  of  nonlinear  systems  of  differential  equations  with  discontinuous  right-hand  sides 
is  investigated  too. 

Criterions  are  applied  to  the  regular  case  and  to  all  possible  critical  cases  simultaneously. 

In  the  second  part  of  the  presentation,  we  give  some  new  criterions  of  stabilization  of  solutions  of  differential 
equations. 

In  the  third  part  of  the  presentation,  we  give  applications  of  these  criterions  to  some  tasks  of  physics,  ecology 
and  economics.  In  particular,  we  propose  new  criteria  of  stability  of  Hotelling-Scellam  models  in  ecology  and 
economics,  dissipative  and  Schrodinger  systems.  New  criteria  of  stability  of  Kolmogorov  model  in  ecology  are 
given  too. 

References 

[1]  I.V.  Boikov,  On  the  Stability  of  Differential  and  Difference  Equations  in  Critical  Cases,  Soviet.  Math.  Dokl.,  42(2)(1991), 
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[2]  I.V.  Boikov,  On  the  Stability  of  Solution  of  Differential  and  Difference  Equations  with  Non-Differential  Right  Sized, 
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[In  Russian,  English  translation] 

[4]  I.V.  Boikov,  About  Definitions  of  Stability  Domeins  of  System  of  Differential  Equations  with  Small  Parameters  for 
Derivatives,  Automatics  and  Telemechanics,  (6)(1998),  88-96.  [In  Russian,  English  translation] 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


INVARIANT  MANIFOLDS,  REDUCTION  PRINCIPLE,  AND  NONLINEAR 
MASTER-SLAVE  SYNCHRONIZATION  IN  COUPLED  SYSTEMS 

Chueshov  I.D. 

Kharkov  University,  Ukraine 

We  consider  an  abstract  system  of  two  coupled  nonlinear  (infinite  dimensional)  equations  of  the  form 
Ut  =  F(U,  V),  t  >  0,  in  Xu  and  Vt  =  G(U,  V ),  t  >  0,  in  X2, 
where  X\  and  X2  are  (infinite  dimensional)  Banach  spaces,  F  and  G  are  nonlinear  mappings, 

F  :  Iixl2^  Xu  G  :  X  ixX2h  X2. 

This  kind  of  systems  may  describe  various  interaction  phenomena  in  a  continuum  medium.  Under  some  conditions 
we  prove  the  existence  of  an  exponentially  attracting  invariant  manifold  for  the  coupled  system  and  show 
that  this  system  can  be  reduce  to  a  single  equation  with  modified  nonlinearity.  This  result  means  that  under 
some  conditions  we  observe  (nonlinear)  synchronization  phenomena  in  the  coupled  system.  As  applications  we 
consider  coupled  systems  consisting  of  (i)  parabolic  and  hyperbolic  equations,  (ii)  two  hyperbolic  equations,  and 
(iii)  Klein-Gordon  and  Schrodinger  equations.  We  also  refer  to  [1]  and  [3]  for  similar  results  for  thermoelastic 
problems.  Our  approach  relies  on  some  ideas  borrowed  from  the  theory  of  inertial  manifolds  developed  by  many 
authors  (see,  e.g.,  [2]  and  the  references  therein). 

References 

[1]  T.  Caraballo,  I.  Chueshov,  and  J.  Langa,  Existence  of  invariant  manifolds  for  coupled  parabolic  and  hyperbolic 
stochastic  partial  differential  equations  Nonlinearity  18  (2005)  747-767. 

[2]  I.D.  Chueshov,  Introduction  to  the  Theory  of  Infinite- Dimensional  Dissipative  Systems,  Acta,  Kharkov,  1999,  in 
Russian;  English  translation:  Acta,  Kharkov,  2002;  see  also  http://www.emis.de/monographs/Chueshov/ 

[3]  I.D.  Chueshov,  A  reduction  principle  for  coupled  nonlinear  parabolic-hyperbolic  PDE,  J.  of  Evolution  Equations,  4 
(2004),  591-612. 

LIAPUNOV  FUNCTION  AND  TOPOLOGICAL  CLASSIFICATION 
OF  MORSE-SMALE  DIFFEOMORPHISMS 

Grines  V.Z. 

Niznii  Novgorod  State  Agriculture  Academy,  Russia 

This  report  is  devoted  to  an  exposition  of  results  obtained  by  the  author  in  collaboration  with  O.  Pochinka  and 
F.  Laudenbach. 

Principle  difference  in  topological  classifications  of  Morse-Smale  diffeomorphisms,  given  on  three-dimensional 
manifolds  on  comparison  with  classification  of  similar  flows  or  diffeomorphisms  on  two-dimensional  manifolds 
is  caused  by  an  opportunity  of  a  wild  embedding  of  separatrices  of  saddle  periodic  points  in  a  neighborhood  of 
a  sink  and  a  source. 

Thanks  to  it  properties  of  any  Liapunov  function  of  given  Morse-Smale  diffeomorphism  /  on  3-manifold 
also  depend  from  topology  of  embedding  of  separatrieces.  In  particular  as  proved  D.  Pixton  if  a  separatrice  of 
some  periodic  point  of  diffeomorphism  /  is  wildly  embedded  in  ambient  manifold  then  any  Liapunov  function 
of  diffeomorphism  /  has  at  least  one  critical  point  different  from  periodic  point. 

In  series  of  works  [l]-[4]  was  obtained  topological  classification  of  Morse-Smale  diffeomorphism  on  3-manifolds. 
Our  report  is  devoted  to  topological  classification  of  Morse-Smale  diffeomorphism  whose  Liapunov  functions 
has  given  fixed  minimal  number  of  critical  points. 

Our  results  was  obtained  with  partial  financial  support  of  grant  05-01-00501  of  RFBR  and  grant  of  the 
President  of  RF  supporting  leading  scientific  school  9686.2006.1. 
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ABOUT  LOCAL  CATASTROPHES  FOR  ONE  CLASS  OF  SYSTEMS 
OF  ORDINARY  DIFFERENTIAL  EQUATIONS 

Kusyumov  A.N. 

A.N.  Tupolev  State  Technical  University  of  Kazan,  Russia 


We  consider  a  smooth  system  of  ordinary  differential  equations 


ltt=f\hx).  (i) 

Here  t  £  T  C  R  is  time  coordinate,  vector  x  belongs  to  two-dimensional  space  of  phase  coordinates  M  C  R2, 
f(t ,  x)  is  a  certain  smooth  vector-function. 

Definition  1.  We  shall  say  that  the  point  to  =  0,  xq  =  0  €  T  x  M  is  the  critical  point  of  the  set(l)  at  an 
instant  to  if  /(to,  xo)  =  0  for  i  =  1, . . . ,  2. 

We  can  consider  the  vector- function  x(t)  as  a  result  of  Cartesian  product  of  maps  xl  :  T  — >  X1,  where 
XicR,i=  1, . . . ,  2. 

Note  that  we  can  consider  also  the  instant  t  =  to  as  the  critical  point  for  each  of  maps  x1  :  T  — ►  X1 . 
Definition  2  [1] .  The  critical  point  to  is  the  regular  point  for  the  function  xl(t)  if 


d2xl 

Ttt?"0 


7^0. 


Definition  3.  We  shall  say  that  the  set  (1)  is  the  Moorse  set  in  a  domain  of  the  critical  point  to,xo  if 
xl{t)  =  ap2  for  each  solution  xl(t)  of  the  set  (1)  (cq  =  const  0). 

Theorem  1.  If  in  a  neighbourhood  of  point  to,  Xq  the  set  (1)  has  a  solution  x*(t)  =  a,;ffei+1  +  0(tfci+2)  ( R  >  1) 
then  the  right  part  of  the  set  (1)  has  the  form 


f(t,x)  =  tki(ati(ki  +  1)  +  #oo(t,x))  +'^2x3ipj(t,x).  (2) 

3 

A  disturbance  of  a  germs  of  elementary  catastrophes  is  determined  by  the  functions 

Uki(t)  = 

3 


where  j  =  1, . . . ,  ki  —  1,  k\  =  k,  k'2  =  m.  By  Akm  we  denote  catastrophe  appropriate  to  the  functions  Ukft). 

Theorem  2.  Let  the  functions  fl(t,x)  have  the  form  (2)  for  ki  =  2,..., 6  and  determine  a  germs  of 
catastrophes  A^m-  Then  the  equations  set 

dxl  .  .  duk  s 

—  =  f  [i,  X)  +  —  -  Ukjlpjit,  x) 

3 

determines  the  solution  xz(t)  «  altki+1  +  Ukft),  where  Ol  a{tkj+2^J  is  a  residual. 
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ON  APPLICATION  OF  THE  UNIVERSAL  ITERATIVE  PROCESS 
TO  PROBLEMS  IN  NONLINEAR  THEORY  OF  ELASTICITY  AND 
NONSTATIONARY  FILTRATION 

Koshelev  A. I.,  Narbut  M.A. 

Saint  Petersburg  State  University,  Russia 

The  iterative  universal  process  introduced  by  one  of  the  authors  some  years  ago  is  applied  to  quasilinear 
boundary-value  problems  in  elasticity  and  filtration.  The  convergency  of  the  method  both  in  weak  and  strong 
spaces  is  proved.  The  existence  of  weak  and  regular  solutions  is  established.  Some  aspects  of  computer  simulation 
using  MATLAB  are  discussed. 


SOME  EFFECTS  OF  FEEDBACK  CONTROL  ON  THE  ROSSLER 

DYNAMICAL  SYSTEM 

Mazumdar  H.P.*,  Islam  N.** 

*PAMU,  I.S.I.,  Kolkata-700108,  India 
** R.K.M.R.  College,  Calcutta  University,  Narandrapur,  West- Bengal,  India 

Panchev  (1992)  described  Rossler  system  of  dynamical  equations  as  a  "model  of  model  (Lorenz’s)".  A  common 
idea  is  that  the  Rossler  system  should  be  investigated  to  the  extent  Lorenz  system  has  received  attention. 
Vincent  and  Yu  (1991)  examined  the  Lorenz  system,  subjected  to  a  control  input  and  indicated  that  the  motion 
may  contain  chaotic  transients.  Here  the  effects  of  a  linear  feedback  control  on  the  Rossler  system  are  studied. 

Uncontrolled  version  of  the  system  is  linearized  about  a  equilibrium  point  and  expressed  in  terms  of  state 
perturbation  variables.  Perturbation  control  is  then  added  to  second  equation  of  the  system  with  the  assumption 
that  nominal  control  may  be  taken  zero  (Vincent  and  Yu,  1991).  This  means  that  the  system  may  be  maintained 
at  the  equilibrium  point  only  under  the  partial  state  feedback  control. 

Both  the  uncontrolled  and  controlled  versions  of  the  Rossler  system  are  solved  numerically  in  terms  of  state 
perturbation  variables.  Transients  in  the  motion  of  the  system  with  and  without  the  control  input  are  discussed. 
Stability  analysis  of  the  system  is  carried  out  in  Lyapunov’s  sense. 
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NON-SMOOTH  MODELS  OF  ELECTRICAL  SWITCHING  ELEMENTS 
Michael  Moller  and  Christoph  Glocker 

IMES  -  Center  of  Mechanics,  ETH  Zurich,  Switzerland 

The  non-smooth  modelling  of  idealized  switches  and  diodes  in  electrical  systems  is  presented  in  the  framework 
of  linear  complementarity.  By  idealizing  the  switching  elements,  the  numerical  problems  of  stiff  differential 
equations  and  the  ballast  of  additional  regularisation  parameters  are  avoided.  In  cases  where  the  switching  events 
and  the  structural  configuration  of  the  system  are  of  interest,  the  ideal  non-smooth  modelling  is  an  advantage, 
because  the  switching  is  not  smoothed  out  as  with  regularisation  methods.  There  are  basically  three  approaches 
for  the  description  of  electrical  systems,  called  the  charge  approach,  the  flux  approach  and  mixed  approaches. 
The  charge  approach  uses  the  charges  and  associated  currents  as  variables  while  the  voltages  are  balanced. 
In  the  flux  approach  the  fluxes  with  associated  voltages  form  the  variables  while  balancing  the  currents.  In 
mechanics  usually  the  positions  and  their  associated  velocities  are  used  as  variables  and  the  forces  are  balanced. 
For  both,  the  charge  and  the  flux  approach,  the  classical  electromechanical  analogy  can  be  extended  to  the 
non-smooth  case.  The  descriptions  used  for  non-smooth  electrical  systems  are  analogous  to  the  well  developed 
formulations  and  methods  used  for  non-smooth  mechanical  systems,  pioneered  by  the  work  of  Moreau  [1].  In  [2] 
the  models  of  non-smooth  switches  are  presented  in  the  charge  approach.  The  non-smooth  modelling  using  the 
flux  approach  is  described  in  [3] .  The  relations  for  the  inertia  elements  are  replaced  with  an  equality  of  measures 
to  allow  for  impulsive  forces  in  mechanics,  impulsive  voltages  in  the  charge  approach  and  impulsive  currents  in 
the  flux  approach.  Impulsive  voltages,  in  the  sense  of  Dirac  impulses,  are  required  to  force  a  jump  in  the  branch 
current  of  an  inductivity,  while  impulsive  currents  allow  for  an  instantaneous  change  of  the  branch  voltage 
of  a  capacitor.  In  analogy  with  the  velocity  in  mechanical  systems,  the  currents  are  restricted  to  functions  of 
bounded  variation  in  the  charge  approach,  while  the  flux  approach  restricts  the  voltages  to  functions  of  bounded 
variation.  Discontinuities  of  inductor  branch  currents  or  capacitor  branch  voltages  may  occur  if  the  system  is 
initialised  with  non- feasible  initial  conditions  or  after  a  switching  event.  Electrical  switches  are  modelled  as  spark 
gap  with  variable  break-through  voltage  [2],  The  switch  is  operated  by  controlling  the  break-trough  voltage, 
which  corresponds  to  opening  or  closing  the  gap.  The  switch  in  the  charge  approach  is  analogous  to  dry  friction 
in  mechanics.  Set-valued  branch  relations  are  formulated  for  the  ideal  diode  and  the  switch,  which  contain  all 
possible  states  as  well  as  the  conditions  for  the  switching  between  them.  The  branch  relations  are  equipped  with 
impact  laws,  in  cases  where  unbound  voltages  or  currents  are  supported.  With  the  set-valued  branch  relations, 
the  dynamics  of  the  circuit  are  described  as  measure  differential  inclusions.  For  the  numerical  solution,  the  mea¬ 
sure  differential  inclusions  are  written  as  a  measure  complementarity  system  and  discretised  with  a  difference 
scheme,  known  in  mechanics  as  time-stepping.  For  every  time-step  a  linear  complementarity  problem  is  obtained. 
The  non-smooth  electrical  models  are  applied  to  the  example  of  the  DC-DC  buck  converter,  consisting  of  the 
classical  elements  R,  C,  L  and  a  voltage  source  as  well  as  an  ideal  switch,  a  diode  and  a  control  feedback. 
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PLATONIC  POLYHEDRA,  TOPOLOGICAL  CONSTRAINTS  AND  PERIODIC 
SOLUTIONS  OF  THE  CLASSICAL  iV-BODY  PROBLEM 

Piero  Negrini 

Dipartimento  Matematico  ’’Guido  Castelnuovo”  Universitd  ”La  Sapienza”,  Roma-  Raly 

In  the  last  few  years  many  interesting  periodic  motions  of  the  classical  Newtonian  iV-body  problem  have  been 
discovered  as  minimizers  of  the  action  functional 

^«)  =  /T(*X>i**i2  +  *  E  (1) 

\  h= 1  1  <h<k<N  '  h  k' ) 

on  loop  spaces  Kq  C  H1(S1,  X),  where  X  is  the  configuration  space  defined  by 

N 

X  =  {x=  (zi, . . . ,  xN)  G  R3N  :  ^2  nihXh  =  0},  (2) 

h= 1 

h-G  is  the  set  of  the  T-periodic  motions  which  are  equivariant  with  respect  to  the  action  of  a  suitably  chosen 
group  G,  Uh  :  S1  — >  R3  the  motion  of  the  particle  with  mass  rrih  and  K  the  gravitational  constant. 

In  this  talk  I  want  to  expose  some  new  results  in  this  field,  obtained  in  a  joint  paper  with  G.  Gronchi  and 
G.  Fusco  ([5]).  The  original  motivation  for  our  work  was  aesthetical:  we  asked  ourselves  about  the  existence  of 
periodic  motions  which  could  be  compared  in  perfection  and  beauty  with  the  Eight  ([2]),  ([6]),  the  Hip-Hop 
([3])and  the  other  interesting  motions  that  have  been  recently  discovered  ([1]),  ([4]).  In  fact,  in  the  first  part  of 
the  talk  I  present  a  new  class  of  periodic  motions  in  the  plane. 

The  second  part  of  this  lecture  is  devoted  to  show  the  existence  of  periodic  motions  having  Platonic 
Simmetries. 
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ON  THE  DIVERGENCE  OF  ELONGATED  PLATE  IN  SUPERSONIC  GAS 
FLOW  SUBJECTED  TO  COMPRESSING  OR  EXTENDING  STRESSES 

Petrov  K.M.,  Tsyganov  A.V.,  Loginov  B.V. 

Sofia  TU,  Ulyanovsk  State  Pedagogical  University,  Ulyanovsk  State  TU 

The  problem  of  thin  flexible  elongated  plate  (strip-plate)  buckling  in  supersonic  gas  flow  which  is  compressed 
or  extended  by  external  boundary  stresses  along  the  Ox-axis  is  investigated.  Six  types  of  boundary  conditions 
are  considered: 

A.  both  edges  are  hingely  fastened,  tu(O)  =  0,  w"{ 0)  =  0;  tu(l)  =  0,  w"{\)  =  0; 

B.  the  left  edge  is  free,  the  right  one  is  rigidly  fixed,  u>"(0)  =  0,  w"'(0)  =  0;  tu(l)  =  0,  u/(l)  =  0; 

B'.  the  right  edge  is  free,  the  left  one  is  rigidly  fixed,  tc(0)  =  0,  w'{ 0)  =  0;  u>"(l)  =  0,  w"'(l)  =  0; 

C.  both  edges  are  rigidly  fixed,  w(0)  =  0,  w'(0)  =  0;  tu(l)  =  0,  u/(l)  =  0; 

D.  the  left  edge  is  fixed,  the  right  one  is  rigidly  fixed,  w'(0)  =  0,  u/"(0)  =  0;  u>(l)  =  0,  u/(l)  =  0; 

D'.  the  right  edge  is  fixed,  the  left  one  is  rigidly  fixed,  iu(0)  =  0,  u/(0)  =  0;  u/(l)  =  0,  =  0. 

In  dimensionless  variables  the  problem  is  described  by  the  following  equation 


2  d2  (  w" 

x  *2V(i  +  «.'2)s/2 


where  K(w'x,  M,  k)  =  [1  — for  one-sided  flow  around  and  K(w'x,M,k)  =  [(1  —  !Ufi^Mw'x)  K~1  — 
(1  +  V  1  .\Iw'x)  K  T]  for  two-sided  flow  around  by  supersonic  gas  flow  along  the  Ox-axis.  Here  w  =  w(x)  is  the 
plate  deflection,  0  <  x  <  1;  x  =  0  <  Xi  <  d,  — oo  <  y  i  <  oo  are  rectangular  coordinates;  =  TEifipyp  > 

T  =  M-  and  k  =  w;  d  is  the  width  of  the  plate,  h  is  its  thickness;  E  is  the  Young  module;  y  is  the  Poisson 
coefficient;  q  <  0  (q  >  0)  is  the  compressing  (extending)  stress;  M  is  the  Mach  number,  po  is  the  pressure  and  k 
is  the  polytropic  exponent;  the  integral  term  takes  into  account  the  complementary  force  in  the  middle  surface 
of  the  buckled  plate,  6  —  . 

In  comparison  with  our  previous  results  the  integral  term  is  introduced  in  the  nonlinear  equation  taking  into 
account  complementary  forces  in  the  middle  surface  of  the  buckled  plate. 

The  Lyapounov-Schmidt  method  of  bifurcation  theory  is  applied.  In  a  neighborhood  of  each  point  of 
bifurcation  curve  small  solutions  asymptotics  in  form  of  convergent  series  of  two  small  parameters  are  computed. 

The  main  difficulties  have  arisen  in  the  investigation  of  relevant  two-parametric  eigenvalue  problems  and 
were  overcome  with  the  aid  of  the  bifurcation  curves  representation  through  the  roots  of  the  corresponding 
characteristic  equation. 
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CONSTRUCTION  OF  BRANCHES  SOLUTIONS  BY  REGULARIZED 
SUCCESSIVE  APPROXIMATIONS  METHOD 

Sidorov  N.A.%  Dreglea  A. I.** 

*  Irkutsk  State  University,  Russia 
**  Dublin  Institute  of  Technology 

Existence  theorems  are  proved  for  the  branches  of  the  solutions  which  are  constructed  by  iterative  loop  method 
x(X)  — >  0  when  A  — »  0  nonlinear  equation 

Bx  =  R{x ,  A)  (1) 

with  Fredholm  operator  B  and  parameter  A  £  R1.  Assume  that  {<f>i} ”,  {ipi} "  is  basis  in  N(B),  N(B*),R( 0,  0)  = 
0,  Rx(0, 0)  =  0.  Let  Rikj  are  continuously  differentiable  t-homogeneous  operators,  v,  0i, ...,  6n  are  rational  positive 

numbers,  v  <  min(#i, ...,  6n)  and  following  conditions  are  satisfied  a)  (  R(x,  A)—  E  X  kRik{x),ipj 

\  iv-\-k—0j 

0\  E  lkir|A|fc  ]  , j  =  l,...,n; 

\iis-\-k=0j  J 

b)  lim  A"i?(0,  X)  =  y,  y  G  R{B),  Xo  -  solution  of  the  linear  equation  Bx  =  y: 

X — »0 

c)  System  of  equations  E  (Rikj(x o  +  cf),(j)j)  =  0,  j  =  1, ...,  n  has  simple  solution  C°  =  ( C ...,  C°).  Let  us 

iv-\-k=0j 

introduce  7 j  =  E  (R'ikj(x 0  +  c°(/)))*V,j  and  operator  4>(it,  A)  = 

iv-\-k=0j 

n 

=  X~1'R(xqX1'  +  uX1',  A)  —  y  —  E  X~6j  {R(xqX1'  +  uX" ,  X),i/jj)zj. 

3— 1 

Theorem  1.  Let  conditions  a),  b),  c)  are  satisfied.  Then  equation  (1)  has  solution  x  =  X^(xo  +  u( A)),  where 
x  ~  Xv{xq  +  C°(f>)  when  A  — »  0.  Moreover,  sequence  xn  =  A1/(a’o  +  un),  where  un  is  unique  solution  of  the  linear 
equation 

n  n 

(B  +  j)zi)un  =  ^2{‘Un-i,Tj)zj  +  A),u0  =  c°<j>,  n  =  1,2, ...  (2) 

3= 1  i=i 

converge  to  the  solution  x(X)  uniformly  with  respect  to  X. 

Theorem  2.  Let  condition  a)  is  satisfied,  let  lim  A!yf?(0,  A)  =  0  and  among  uniform  operators,  satisfying 

X — >0 

condition  a)  are  linear  operators  Rimi ,  •••,  Rimn ,  det[<  Rimjfi^j  >]ij=i  7^  0-  Then  equation  (1)  has  solution 
x(X)  =  A"ii(A)  where  u{ A)  =  o(l),  A  — >  0.  Moreover,  sequence  xn  =  X vun,  n  =  1,2,...  uq  =  0,  where  un— 

n 

unique  solution  of  linear  equation  (2),  where  yj  =  R*hn  (fj ,  j  =  1  ,...n,  $(u,  A)  =  X~vR(Xvu,  A)  —  E  < 

3  1=1 

R{Xvu,  A) ,  tfj  >  Zj ,  converges  to  the  solution  a; (A)  uniformly  with  respect  to  A.  Proof  of  the  theorem  (1)  and  (2) 
exploits  equation  Bu  =  4>(u,  A),  Schmidt-Trenogin  lemma  [1]  and  implicit  function  theorem.  Proposed  successive 
approximations  scheme  gives  explicit  parametrization  unknown  branches  being  single-stage  (compare  with  [3], 
[4]).  In  paper  examined  examples  of  system  solution  of  kind  (1),  demonstrates  advantage  of  iteration  scheme 
compared  to  other  methods  (see  [  1]- [5] ) . 
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REGULARIZATION  OF  NONLINEAR  INTEGRAL-DIFFERENTIAL 
VOLTERRA  EQUATIONS  WITH  FREDHOLM  OPERATOR 

Sidorov  N.A.%  Sidorov  D.N.** 

*  Irkutsk  State  University,  Russia 
**  Energy  Systems  Institute  of  SB  RAS 

Cauchy  problem  is  considered 

t 

Bu  =  Au  +  f(t)  +  j  JC(t  —  s)g(s,u(s))ds,  (1) 

o 

u\t=o  =  u0.  (2) 

Here  B  G  C(Ei  — >  E2)  —  Fredholm  operator,  ,  (V’ili  —  basis  respectively  in  N(B),  N(B*),  JC(t)  G 
C(Ei  — ■>  E2),  i  =  1,  j  =  1  —  functionals  which  forms  complete,  A*-Jordan  set  of  operator 

B*  [1],  p  =  ma x(pi,  ...,pn),  fC^( o)  =  0,  i  =  0,1  1  at  p  >  2,  nonlinear  operator  g  :  R'  x  E-{  — >  E-{ 

differentiated  with  respect  to  u  in  neighborhood  of  (0,ito).  E\ ,  ^-Banach  spaces,  f(f)  G  C<'p> . 

Lemma.  If 

(hu0 + mMj))  +  {i(1)(  +  -  +  (/0_1)(  o),#}  =  o, 

*  =  l,-,n,  j  =  1, Pi,  (3) 

then  problem  (1),(2)  has  unique  classical  solution. 

Let  uq  and  /  taken  with  (5-error/  approximation.  Then  inequalities  (3)  can’t  be  satisfied  with  taken  approxi¬ 
mation,  Cauchy  problem  (1) ,  (2)  in  general  case  resolvable  only  in  class  of  generalized  functions  [2],  Therefore  in 
view  of  unavoidable  calculation  errors  for  problem  (1),(2)  with  ^-approximated  data  it  is  necessary  to  develop 
regularization  in  Tikhonov  sense. 

Theorem  1.  Let  for  exact  solution  (1)  lemma  conditions  are  satisfied.  Let  introduce  elements  Zi  and  functionals 
7*  =  A*xp(fi\  such  that  det  [{ipi,  Zj)}pj=1  ±  0,  det[(y 'i,<Pj)]™j=i  ^  0-  Then  operator  B  =  B  +  'ffl(-,'yj)zi 
continuously  inverse,  but  equation 

Yl  j  sJPi 

Bii  =  Au+^(u,t)  +  •••+  ^7  ($0 (4) 

i—1 

_  t  ~  ~ 

with  condition  it|t=o  =  ho,  where  d>(w,  t)  =  f(t)  +  f  IC(t  —  s)g(s,  u(s))ds,  K.^\ 0)  =  0, ...,  i  =  0, 1,  ...p—  1,  p  >  2, 

o 

will  be  regularizing  for  all  (5-approximated  data  has  unique  solution  u(i)  in  neighborhood  |t|  <  p.  In  addition 
for  Ve  >  0  3(5  >  0  such  that||h(t)  —  u{t)  ||  <  e,  where  u  is  the  exact  solution  of  Cauchy  problem  (1),  (2). 
Supported  by  NATO  grant  No  RIG  981276  and  RFBR  Grant  No  05-01-00336. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


NEW  WAY  FOR  THE  PDE  SOLUTIONS  CONSTRUCTING 

Volosov  K.A. 

Moscow  State  University  of  Railway  Engineering,  Russia 


The  new  property  of  partial  equations  is  found.  It  allows  to  construct  new  solutions  in  the  implicit  form.  The 
solutions  of  the  classical  equations,  such  as  Zeldovich  equation,  Kolmogorov-Petrovsky-Piskunov-Fisher  equation 
were  constructed.  In  the  papers  [1],  [2],  the  case  with  coefficients  independent  from  t  is  considered. 

Consider,  for  example,  the  quasilinear  parabolic  equation  and  let  us  make  change  of  variables 

Z  t  —  {P{t,  Z)z  x)  x  +  f{t,  Z)  =  0,  •£(#,  t)|x=a;(£,«),t=t(S,5)  =  u(£,5),  (1) 

where  function  Z(x,t )  is  solution  of  the  equation  (1);  detJ  0.  Let  us  denote  r  =  P(t(£,5),U(t;,5)).  Let  us 
assume,  that  the  relation  for  flows  have  the  form  rZ  x  =  Y  (£,$),  rZ  t  =  T(£,  <5).  Then  we  obtain 

r{U  (t  s  —  U  gt  =Y (£,  5)detJ,  r{—U  g  +  U  gx  f)  =  T(£,  S)detJ.  (2) 

The  equation  (1),  after  all  substitutions  takes  the  form 

T(£,  S)  -  P(t(U  6),  U)(Y' (t  g  -  Ygtf)/detJ  +  P{t(£,  6),  £,  S),  U)  =  0.  (3) 

The  equality  for  mixed  derivative  has  to  be  true  Z  xt  =  Z  t  x.  This  relation  can  be  rewritten  as  follows 

d  Y  dx  d  Y  dx  d  T  dt  d  T  dt 

~dfW^dS  +  WMdf~^Md6  +  Wf:^df  =  ' 

The  analysis  of  the  system  (2)-(4)  is  divided  into  two  stages.  At  the  first  stage,  we  shall  suppose  that  the 
nonlinear  algebraic  system  derivatives  x  £,x  g,t  c,t  g  has  unique  solution.  We  can  found 


x  5  =  92{€,$,t(£,5)),  t  £  =  g3(£,5,t(£,5)),  t  s  =  g4(£,  6,t{£,8)). 


(5) 


At  the  second  stage  we  shall  formulate  a  condition  of  solvability  of  the  system  (5)  concerning  functions 
x  =  x(£,  d),  t  =  The  necessary  condition  of  solvability  of  the  system  for  functions  x,t  have  the  form 


f  1(5  9  2^\/r^1\t' t' s=g4  —  Id  36  9  4^]/^ 

functions  Y(£,5),  T(£,5),  P(t,Z),  f(t,Z). 


=  0.  These  two  conditions  coincide  at  any  smooth 


Lemma.  Let  equation  (1)  K{Z)  =  1,  F(Z)  =  — U2 (1  —  U)  have  the  solution  Z{x,t )  £  [0,1]  in  implicit 


form  (1). 

The  functions  tff,S)  =  6^2^, and  x(£,6)  are  defined  from  this  system 

x  g  =  Gi(iu)  >  where  p  =  U(U  —  1)  —  y/2G(£,  U). 


'  _  6(U-U2+P~3Up)  U  £ 

x  €  —  u-u2+P  'rG,(4,c/)’ 

For  function  G{^,U)we  have  the  equation 

^{1~^pmp  ~  HVlp)  +  In  (v^(J7  +  p))  =  0. 
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K  TEOPEME  H.P  HETAEBA  O  HEYCTOHHHBOCTH 

AH,n,peeB  A.®. 

CaHKm.-nemepOypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

IlMeeTCH  b  BH,n,y  ii3BecTHaa  TeopeMa  HT.  HeTaeBa  o  HeycTonmiBOCTH  no  HanyHOBy  nojionceHHH  paBHOBecna 
criCTeMBi  ^HcjDcjDepeHpHajibHbix  ypaBHemin.  He6ojibmaa  MO/picJinKaniiH  ee  ycjiOBiiii  no3BOjiaeT  ccjropMyjiiipoBaTb 
napajuiejibHbiii  (^onojiHHTejibHbiii)  ee  BapnaHT,  npn  yneTe  KOToporo  pacmiipsnoTCH  ee  bo3mo>khocth:  pacmi-i- 
paeTCH  Kjiacc  cjjyHKHHH,  KOTopbie  MoryT  nrpaTb  pojib  (JjyHKpnii  HeTaeBa  —  b  stot  Kjiacc  MoryT  bxo^htb  .gance 
jiiiHeiiHbie  (jjyHKHHH. 

JlHTepaTypa 

[1]  HeTaeB  HT.  OflHa  TeopeMa  o  HeycTOMM h bocth  //  ,ZI,AH  CCCP.  1934.  T.  1,  Ns  9. 

[2]  HeTaeB  HT.  YcTOiiuiiBOCTb  flBuacemia.  M.:  rilTTJl.  1955.  208  c. 


On  the  Chetaev  Theorem  about  Nonstability 

Andreev  A.F. 

Saint  Petersburg  State  University,  Russia 

Some  modification  of  the  conditions  of  the  famous  Chetaev  theorem  allows  to  extend  the  class  of  Chetaev 
functions  (even  linear  functions  may  belong  this  class). 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


ob  onTHMH3Au;nn  hahajibhoh  oopmbi  ABJinpyiomEro  tejia 

ApryHHHii,eBa  M.A. 

HpKymcKuu  eocydapcmeennuu  ynueepcumem,  Poccuji 


B  pa6oTe  HCCJieyyeTCH  cjieyyiomaii  onTHMH3aiyiOHHaH  sayaua.  B  Kjiacce  rjiayxiix  (JjyHxnHft  Heo6xo,n,HMO  Haft™ 
nauajiBHyio  cjropMy  oceciiMMeTpiiuHoro  Tejia  yo{x),  xoTopaa  no/yniHaeTCH  ypaBHemix)  a6jian,iiii,  omiCBiBaiomeMy 
o6rap  Tejia  3a  cueT  payiiaiyiOHHoro  HarpeBa 


Vt 

V1  +  Vx. 


qR(y(x,t)) 


dy 


dy 


TT  5  Ut  r\j_  5  Ux  o  2 

tiefPT  Ot  OX 


y(x,  0)  =  yo(x),  j/o (0)  =  0,  y0(L)  =  R, 

CHCTeMe  ypaBHeHHft  7bh>k6hhh  no  baxuiHCTHuecxoft  TpaexTopini 

M<^.=  -  .I,  pv2CBS  +  Mg  sin  7, 

dy  ( q  v 

—  =  cos  7  I  : - — — 

dt  \v  Re 

dH 

itt=-v  sm7> 

P  =  Poe~XH,  H( 0)  =  H0,  u(0)  =  v0,  7(0)  =  70, 

orpaHnnemno  Ha  Maccy  annapaTa  M  >  M*  h  MHHHMH3npyeT  (J)yHKH;HOHaji  cyMMapHoro  pa^naii^HOHHoro  HarpeBa 

T  L 


Qr  =  2tt  j  Jy(x,tWl  +  yl{x,t)qR{y(x,t))dxdt. 


0  *0 


3,a,ecB  t  —  BpeMH  (t  £  [0,T]);  v,  CR,  M,  L,  R,  S  —  cooTBeTCTBeHHO  ckopoctb,  xo3(J>4Hm,HeHT  BOjiHOBoro 
conpoTHBjieHHH,  Macca,  yjniHa,  payiiyc  h  njiomayB  yoHHoro  cenemia  Tejia;  p,  po  —  hjiothocth  ra3a  Ha  BBicoTe  H 
h  na  noBepxHOCTii  njiaHeTBi;  (1/A)  -  niKajia  bbicot  yjiH  njiOTHOCTii;  7  —  yron  HaKjiOHa  TpaexTopini  7bh>k6hhh; 
g  —  ycKopem-ie  CBo6o,a,Horo  nayeHira;  Rr  —  cpeymift  paynyc  njiaHeTBi;  x  —  xoop/ymaTa  b,h,ojib  ocn  Tejia; 
y  =  y{x,  t)  —  cjryHxiyiH  cjropMBi  Tejia;  Hef  —  acJx^eKTriBHaa  SHTajinmiH  paspyrnemia  Tenjio3am,iiTHoro  noxpBiTHH; 
Pt  —  njiOTHOCTB  Tejia.  BbipajxeHHH  yjia  Maccni  Tejia  M,  xoscjrcjrHiyieHTOB  BOjiHOBoro  conpoTHBjiemiH  CR  h 
jiOKajiBHoro  payiiaiyiomioro  noTOxa  qR  hbhbim  obpasoM  3aBHCHT  ot  cjropMBi  Tejia  y(x,t). 

Ajih  pememiH  nocTaBjieHHoft  3ay,auH  ncnojiB30BajiCH  nncjieHHBift  MeToy  jioxajiBHBix  Bapnaiyift.  CncTeMa 
ypaBHemift  7bh>k6hhh  HHTerpiipoBajiacB  MeroyoM  PyHre-KyTTa  4-ro  nopa/yca.  JXjisl  pemeHiia  ypaBHemia  a6jia- 
h,hh  b  cjiyuae  tohkiix  Ten  Bpaiyemia  ncnojiB30BajiacB  neaBHaa  pa3HOCTHaa  cxeMa.  bojiee  obiyero  cjiyuaa 
HeTOHKI-IX  OCeCHMMeTpiIHHBIX  Tejl  npHMeHHJICH  HBHO-HeHBHBlft  MeToy. 

Bbuia  npoBeyeHa  cepua  pacueTOB  onTHMajiBHBix  HauajiBHBix  cjropM  oceciiMMeTpiiHHBix  Ten  b  mi-ipoKOM  cnex- 
Tpe  ycjiOBiift  Bxoya  b  aTMOcejrepy  3eMjni  h  3ayaHHBix  reoMeTpiiuecxiix  xapaxTepiiCTiix  Tena.  CpaBHemie  nony- 
neHHBix  HanajiBHBix  cjropM  Ten  c  TpayiiyHOHHBiMH  TenaMii  (cTeneHHBiMH  TenaMH  h  octpbim  xoHycoM)  noxa3ano, 
hto  iicnonB30BaHiie  onTiiManBHBix  cjropM  Ten  no3BonaeT  chii3htb  cyMMapHBift  payiiayiiOHHBift  HarpeB  noBepx- 
hocth  7,0  50%. 

PaboTa  BBinonHeHa  npn  noyyepvxxe  POOH  (npoexT  05-01-00187). 


On  the  Optimization  of  the  Initial  Shape  of  an  Ablating  Body 

Arguchintseva  M.A. 

Irkutsk  State  University,  Russia 

In  the  present  report,  the  ablation  of  an  axisymmetric  body  due  to  radiation  is  studied.  The  initial  body 
shape  satisfying  the  ablation  equation  is  found  as  a  solution  of  an  optimization  problem.  The  set  of  differential 
equations  is  solved  numerically  using  the  local  variation  method.  Optimal  initial  shapes  have  been  calculated  for 
a  wide  range  of  reentry  conditions  and  geometric  characteristics.  Using  the  optimized  shapes  allows  to  reduce 
significantly  the  radiative  heating. 
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OBOBmEHHblH  nPHH^n  JIOKAJIH3AIi;HH  AM  CIIEKTPAJTBHBIX 
PA3JIOOKEHHH  OnEPATOPA  JIAnJIACA  HA  COEPE 

AxMe,u,OB  A. A. 

OmcKuu  Kupzu3CKo-y36eKCKUu  ynueepcumem,  Kupzu3cmaH 

llycTb  SN  e,n,iiHiiHHaH  ccjrepa  b  Rn+1  .  06o3HaHHM  nepe3  As  onepaTop  JIanjiaca  Ha  ccjrepe  SN .  OnepaTop  —As 
KaK  (JjopMajiBHbiii  ^H^cjDepeHipiajibHbiH  onepaTop,  onpe,n,ejieHHbiH  b  npocTpaHCTBe  C°°(SN),  HBjiaeTCH  criMMeT- 
pi-i'iecKHM,  HeoTpiipaTejiBHbiM  h  cymecTBemio  caMOConpaHceHHbiM,  T.e  ero  3aMbiKaHi-ie  -  As  caMOConpsmceHHbiH 
onepaTop  b  L2(Sn).  Co6cTBeHHbie  cjjyHKHHH  Yk(x)  onepaTopa  —  As,  KOTopbie  hbjijhotch  o^Hopo/jHbiMH  rap- 
MOHinecKHMH  nojiHHOMaMH  Ha  ccjrepe,  Ha3biBaiOTCJi  c<J>epHHecKHMH  rapMOHiiKaMii. 

CcjrepiiHecKHe  rapMOHiiKii  CTenemi  k  h  l,  k  ^  l,  B3aiiMHO  opToroHajiBHbi,  fSJVYk(x)  ■  Yl[x)  ■  da(x)  =  0. 
Bojiee  Toro,  co6cTBeHHbie  3HaHemiH  onepaTopa  As  paBHbi  A  =  k(k  +  n  —  1),  iyi,e  k  =  0, 1, 2, . . npi-ineM  ero 
KpaTHOCTB  ak  paBHa  pa3MepHOCTii  npocTpaHCTBa  o^,Hopo,a,Hbix  rapMOHiinecKiix  nojiiiHOMOB  CTenem-i  k: 

(N  +  k) 1 

an  =  Nk  -  Nk_ 2,  r^e  Nk  =  ^  ^  . 

TaKHM  o6pa30M,  Ka>K,a,OMy  k  cooTBeTCTByeT  pobho  ak  HiTyK  C(j)epn'iecKHx  rapMOHHK  {Ljfc}y=i’  hbjijhoili,hxch 
co6cTBeHHbiMii  (JjyHKpHHMH  onepaTopa  —  As,  cooTBeTCTByrorpiix  co6cTBeHHOMy  3HaneHiiio  A  =  k{k  +  n  —  1). 
Bojiee  Toro,  ceMeiicTBO  <J>yHKii,HH  {^/'  }j=i  o6pa3yeT  opTOHopMiipoBaHHbiii  6a3i-ic  b  npocTpaHCTBe  ccjrepiiHecKiix 
rapMOHHK  CTenemi  k,  KOTopoe  o6o3HamiM  nepe3 

3aMeTHM,  hto  jno6aji  (JjyHKpHH  /  £  L2(SN)  e^HHCTBeHHbiM  o6pa30M  pa3JiaraeTCH  b  pa#  no  c<J>epHnecKHM 
rapMOHHKaM  Yk(x).  TaKofi  pHfl  na3biBaeTCH  pjmoM  Oypne- JIanjiaca  Ha  ccjrepe  h  onpe^ejiaeTCsi  paBeHCTBOM : 

oo  afc 

/(^EE^-Ew-  (!) 

k— 0 j= 1 

Onpe^ejiHM  cpe^Hne  Pncca  nopa^Ka  a  nacTHHHBix  cyMM  pa^a  QypBe-JIamiaca  (1)  4>yHKii;HH  f(x)  paBeHCTBOM 

«£/(*)  =  E  P-tM  E  ■!'>■■■’  •  *?(*)•  (2) 

k= 0  '  n'  i= 1 

CyMMiipyeMOCTb  nonTii  BCio^y  cneKTpajiBHbix  pa3Jio»ceHHH  (|’)yhkhhh  113  Lp,  1  <  p  <  2,  CBjraaHHbix  c  pa3JiiiH- 
HbiMii  ajijiHnTHnecKHMH  onepaTopaMii,  H3yneHa  b  pa6oTax  mhoitix  m aTeM aTHKOB .  B  nacTHOCTii,  b  pa6oTe  [1] 
II.  Ctchhom  H3ynajiiicb  pasjioxceHiisi  b  KpaTHbie  HHTerpajibi  h  pji,ii,bi  Oypne  h  ,n,OKa3aHa  cy m m  h pye m oc:  t  b  cpe,n,- 
hhx  Pi-icca  npn  s  >  ( N  —  1)  Hm  nee  nocTpoeH  npiiMep  (JjyHKpmi  H3  Li  TaKofi,  hto  nonTi-i  BCio^y 

_  JV-1 

BbinojiHiieTCJi  lim  Ex  2  /  =  +oo. 

A — >00 

ByneM  roBopiiTb,  hto  .zyiH  cpe,n,HHx  Pncca  S%f(x)  cnpaBe^yiiiB  npirapim  jiOKajni3aii,HH  b  Kjiacce  Lp(SN), 
ecjni  ,zi,jih  npoii3BOJibHOH  cjDyHKpiin  /  H3  Lp(SN)  TaKoii,  hto  f(x)  =  0  npn  x  £  V  C  SN ,  noHTH  BCio^y  Ha  V 
BbinojiHiieTCJi  paBeHCTBO  lim  S%f(x)  =  0. 

n — kx> 

Ecjiii  nee  ,zyiH  BbinojiHeHiia  stoto  paBeHCTBa  Heo6xo,a,HMO,  HTo6bi  f(x)  =  0  He  tojibko  b  OKpecTHOCTii  tohkii 
X,  HO  H  B  OKpeCTHOCTI-I  TOHKII  X,  TO  TOBOpHT,  HTO  CnpaBe^JIHB  npHHH,Hn  JIOKajIH3aH,HH  B  CJia60M  CMbICJie. 

TeopeMa.  IlycTb  /  £  Li(Sn)  h  nycTb  f(x)  =  0  npn  x  £  V  C  SN .  Tor,a,a  nonTii  Bao,zi,y  Ha  V  pspi,  Oypne- 
Jlanjiaca  <J)yHKii,HH  /  cxo,h,htch  k  Hyjno  cpe^HHMH  Pncca  nopa^Ka  . 

JIpyi  HMH  cjiOBaMii  TeopeMa  yTBep»c,ii,aeT,  hto  npimpim  o6o6m,eHHoii  jiOKajiH3an,HH  ^jih  He3apoBCKiix  cpe,a,HHx 
KpiiTHHecKoro  nopji,ii,Ka  pa^OB  Oypbe- JIanjiaca  Ha  ajiepe  cnpaBe,n,jiHB  b  Kjiacce  Li(Sn). 

B  pa6oTe  [2]  B.B.  XonojiaBa  ,n,OKa3aji  cnpaBe,n,jiHBOCTb  npimpima  jiOKajiH3an,HH  b  cjia6oM  CMbicjie  cpe,n,HHx 
He3apo  KpiiTHHecKoro  nopji,ii,Ka  ph^ob  Oypbe-.Hanjiaca  Ha  c<J>epe  cjDyHKpiiii  H3  Kjiacca  L(SN).  B  pa6oTe  [3] 
A.H.  BacTiic  ^.OKasaji  cnpaBe,n,jiHBOCTb  npimpima  o6o6m,eiiiiOH  jiOKajiH3an,HH  pjma  Oypne- JIanjiaca  Ha  ccjDepe  b 
Kjiacce  L(SN). 
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Generalized  Localization  Principle  for  Spectral  Expansions 
of  the  Laplace  Operator  on  a  Sphere 
Akhmedov  A. A. 

Osh  Kyrgyz-Uzbeck  University,  Kyrgyzstan 

In  this  paper  the  sufficient  conditions  for  summability  of  spectral  expansions  of  the  Laplace  operator  on  a  sphere 
are  proved. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


OB  OCOEbIX  TOHKAX  HECTAIJHOHAPHOrO  BEKTOPHOrO  nOJI3 

Bhpiokob  P.C.,  ByTeHHHa  H.H. 

HucnceeopodcKuu  eocynueepcumem  um.  H.H.  JIo6aueecKoeo,  Poccua 

ripii  HiicjieHHOM  iiccjie^OBaHHH  Marre m arr h ' i ec ko ft  MO^ejiH  yxjia,n,xH  rjiy6oxoBO,n,Horo  Tpy6onpoBO,n,a  [1] 

x  —  sin  x  —  ( Bt  —  V)  cos  x,  x(0)  =  x(0)  =  x(L)  =  0,  0  <  x(L)  <  7r/2  (1) 

6bijio  3aMeneHO,  hto  cyipecTByeT  3Hanemie  V  =  V*  (npii  cjuixcupoBaHHOM  B),  onpe^ejunomee  HHTepBaji  3Ha- 
'I6hhh  0  <  V  <  V* ,  npii  KOTopnix  3a,n,aHa  HMeeT  pememie;  npii  stom  cyipecTByeT  x*  TaKoe,  hto  0  <  x(L)  < 
x*  <  7r/2.  ripii  jiio6bix  V,  V  >  V* ,  TpaexTopira,  y^OBjieTBopsnomaa  ycjiOBHHM  x(0)  =  i:(0)  =  0,  npii  B03pacTa- 
Hiiii  t  bbixo,h,ht  H3  nojiynojiocBi  {0  <  x  <  7r/2,  y  >  0}  nepe3  jiyn  {a;  =  7r/2,  y  >  0}.  IToBeflemie  TpaexTopiift  b 
OKpecTHOCTri  to'ikh  (;c*,0)  npn  3HaHemiHx  napaMeTpa  V,  6jih3khx  k  V* ,  aHajioniHHO  noBe^emiio  TpaexTopiift 
aBTOHOMHoii  ciicTeMBi  b  OKpecTHOCTi-i  ce,n,jia. 

0Ta  3a,a,aHa  nojiojxiuia  Hanajio  i-iccjie,n,OBaHi-iio  oco6bix  Tonex  HeaBTOHOMHBix  ^i-KjxJjepeHpiiajiBHBix  ypaBHe- 
HHH. 

PaccMOTpiiM  HeaBTOHOMHyio  cucTeMy  o6bikhob6hhbix  ^iKjjcjaepeHpiiajiBHBix  ypaBHemift  Bima 

x  =  Gq(x)  +  u(t)Gi(x)  =  G(x,t),  (2) 

r,ge  x  =  (xi,X2)  &  D,  Gi{x)  =  (Pi(x),Qi(x))  ( i  =  0, 1)  —  BexTop-cjryHxqHH  Kjiacca  Ck  ( k  >  2),  u(t)  - 
HenpepbiBHaa  orpaHHHermaH  (m  <  u(t)  <  n)  cjryHxqiiH,  onpe^ejieHHaa  pjm  Bcex  t  £  (— oo,+oo). 

KanecTBeHHoe  i-iccjie^OBaHi-ie  noBe^emiH  pernem-ift  ciicTeMBi  (2)  npoBO,n,HTCH  mcto^om  cpaBHemra  BexTop- 
Horo  nojia  ciicTeMBi  (2)  c  BexTopHBiMi-i  nojiHMi-i  aBTOHOMHBix  /u-ciiCTeM.  Kansan  /r-cucTeMa  —  sto  ciiCTeMa 
(2),  b  xoTopon  u(t)  =  p,  u\  <  p  <  U2-  Il3BecTHO,  hto  cocTOHHi-iH  paBHOBGCi-iH  p,-cncTeM  jieucaT  Ha  XpHBOft 
F  =  P0Qi  —  PiQo  =  0  (Tax  nasBiBaeMaa  xoHTaxTHaa  xpiiBaa)  [1]. 

Onpe^ejieHHe.  Oco6oi"i  tohxoii  ciicTeMBi  (2)  na30BeM  Tonxy  (x*,t*),  b  xoTopoft  G(x*,t*)  =  0. 

CiiCTeMa  (2)  HBjiaeTCH  xoHxpeTHBiM  npe,a,CTaBHTejieM  ceMeiicTBa  YAC  c  acjacjaiiHHBiM  cxajrapHBiM  ynpaBjieHii- 
eM  [1],  IIosTOMy  oco6Bie  tohxh  stoii  ciicTeMBi  pacnojio>xeHBi  Hafl  xpimoft  F  =  0b  npocTpaHCTBe  (x,  t).  3aMeTHM, 
hto  npii  t  =  t*  HeaBTOHOMHaa  CiiCTeMa  (2)  coBna^aeT  c  o^Hoft  H3  p,-ci-iCTeM  {p  =  /(f*))>  cjie^OBaTejiBHO,  noBe- 
.neHi-ie  pemeHHft  ciicTeMBi  (2)  b  oxpecTHOCTi-i  oco6oi"i  tohxii  onpe^ejiaeTCH  xapaxTepoM  coctohhiih  paBHOBecira 
cooTBGTCTByx)H],eH  /j-CHCrreMhi.  Mmghho,  b  CHCTeMe  (1)  Tonxa  (a;*,0)  HBjraeTCH  cocTOHHiieM  paBHOBeciia  Tima 
ce^,jio  cooTBeTCTByromeii  p- CHCTeMti,  noaTOMy,  npn  3HaHeHHHx  napaMeTpa  V  £  Ue(V*),  HHTerpajiBHBie  xpiiBBie 
ciicTeMBi  (1)  b  oxpecTHOCTi-i  x*  Be^yT  ce6a  aHajioniHHO  TpaexTopiiHM  ce^,jia  /x-CHCTeMti.  B  cjiynae,  xor^a  coot- 
BeTCTByromaa  p,-ciiCTeMa  HMeeT  cocToam-ie  paBHOBeciiH  Tuna  cjaoxyc  (peHTp),  HHTerpajiBHaa  xpiiBaa  ciicTeMBi 
(2),  npoxo,n,Hm,aH  nepe3  oco6yx>  Tonxy,  HMeeT  b  Heft  Tonxy  B03BpaTa  1  po,n,a. 

JlHTepaTypa 

[1]  H.H.  ByTeHHHa,  A.B.  MeTpiixiiH  «06  ocofteHHOCTax  noBefleHHH  4>a30Bbix  TpaeKTopnii  b  MaTeMaTiiHecKoii  MO^ejiH  npo- 
KjiaflKH  rjiy6oKOBOflHoro  Tpy6onpoBOfla  J-MeTOflOM»  //  C6op-HHK  HaynHbix  TpyflOB  HuaceropoflCKoro  cpiuniajia  HMAHI 
PAH  «BojiHOBbie  3aflanH  Mexa-HiiKii»,  H.  HoBropofl,  2005.  C.  9-19. 


On  Singular  Points  of  a  Non-Stationary  Vector  Field 

Biryukov  R.S.,  Butenina  N.N. 

Nizhny  Novgorod  State  University,  Russia 

A  nonautonomous  dynamic  system  of  the  second  order  of  the  class  of  controlled  dynamical  systems  with  limited 
affine  control  (CDS)  is  considered.  A  singular  point  of  the  vector  field  is  the  same  as  the  state  of  equilibrium 
of  on  auxiliary  autonomous  system.  A  behavior  of  nonautonomous  system  solutions  in  the  neighborhood  of  the 
singular  point  is  defined  completely  by  the  type  of  the  state  of  equilibrium. 
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YBEJIHHEHHE  IIAPAMETPA  KBAAPATHHHOH  BAPHAItHOHHOH 
3AAAHH  nPH  YBEJIMHEHnn  HHCJ1A  KPAEBbIX  yCJIOBHn 

BomcapeB  r.II. 

IJepMCKUu  eocydapcmeennuu  mexHUHecKuu  ynueepcumem,  Poccuh 


PaccMOTpi-iM  KpaeByio  Bapi-iapi-iOHHyio  sa^any,  3a,n,aHHyio  cjie^yiomiiM  o6pa30M: 

3,a,ecB  T :  Hn  — >  L2  -  jiHHeftHBift  orpamiHeHHBiH  onepaTop,  l  =  {Zi , . . . ,  In},  Kaayiipe  lt  HMeeT  bh^  ltx  =  x(ai)  =  0, 
at  £  [0,  b],  ip  G  L2.  3,a,ecB  H"  npocTpaHCTBO  cfyHKHHH,  n-R  npoii3Boq,Haa  kotopbix  npiiHa,a,jie>KiiT  L2,  npocTpam 
CTBy  cyMMripyeMBix  c  KBa/ipaTOM  c^ymapiii. 

HcnojiB3yeM  MeTO,n,Bi  IlepMCKoro  ceMimapa.  PaccMOTpi-iM  MO,a,ejiBHyio  3aq,auy  (cjieBa)  h  ee  pememie  (cnpaBa) 

ipx"  =  z,  ;r(0)  =  x(b)  =0,  x  =  [  — ^  ’  A  ^  ^  ds  =  A z. 

Jo  ns) 

IIo,zi,CTaBHB  3to  BBipaxemie,  Ha3BmaeMoe  W-no,n,CTaHOBKOH,  b  $,  h  npeo6pa30BaB  nojiyHeHHBiii  b  L2  cjyyHKHHO- 
Haji,  nojiymiM,  iicnojiB3ya  o6o3HaHemia  Q  =  T A,  K$  =  Q*Q,  K  =  pKo,  H  =  I  —  K: 

<t>i  z  =  J  (z(t)  —  p(Koz)(t)jz(i)dt  =  J  (jz(t)  —  (Kz)(t)jz(t)dt  =  J  ( Hz)(t)z(t)ds . 

CorjiacHO  [1],  MHHHMyMBi  cj)  y  h  k  n  h  o  h  a  j  i  o  b  $  ii  <(>!  B3aiiMHO  o,n,H03HaHHO  cooTBeTCTByiOT  ,a,pyr  Apyry,  a  MiimiMy- 
mom  (e,a,i'iHCTBeHHBiM)  nocjieq,Hero  HBjiaeTca  pememie  ypaBHemra  Hz  =  0,  ecjm  onepaTop  H  CTporo  nojiomii- 
TejiBHO  onpe,a,ejieii.  B  [2]  roBopiiTca,  hto  ||iv||  <  1  -  qpcTaTOHHoe  ycjiOBi-ie  nojioJKHTejiBHOH  onpe^ejienHOCTii 
onepaTopa  H.  B  HaineM  cjiynae  sto  nepaBeHCTBO  SKBiiBajieHTHO  cjie,nyiom,eMy  p  <  ||/\o||_1.  T&khm  o6pa30M, 
TOHHaa  BepxHHH  rpaHB  b  cjiynae  ,n,ByxTOHeHHOH  aa/pvm: 

P2  =  n^oir1. 


AoGaBiiM  Tenepb  TpeTBe  KpaeBoe  ycjiOBi-ie  x(as)  =  0.  IIpii  W-no,n,CTaHOBKe  oho  npeo6pa3yeTca  k  Bimy  (o6o3Ha- 
miM  Z( 3) (s)  =  G(ci3,  s) /ip(s)):  (/(3) ,z)=  0.  Ha  opToroHajiBHOCTii  peinemia  sjieMeHTy  ocHOBaH  MeTO,a,  ^boiihoii 

W-no,n,CTaHOBKii  [31.  OnepaTop  P3  c  a/ipoM  ,  (  « 

l(3)  vXj3 yjv 

(^(3)d(3)} 


HBjmeTCsi  opTonpoeKTopoM  Ha  no^npocTpaHCTBO,  onpe^ejiaeMoe  sjieMeHTOM  ?(3),  a  I  —  P3  Ha  ero  opToroHajiBHoe 
^onojiHemie.  Ecjih  onepaTop  P3  =  /—(/  —  Pp)K  =  I  —  pKo3  =  I  —  K3  CTporo  nojionaiTejiBHO  onpe^ejieH,  to 
pemeHiie  ypaBHeHim  H^z  =  0  HBjmeTcn  ycjiOBHBiM  MHHHMyMOM  cjDyHKpiiOHajia  $1  h  pemeHiieM  BapiiapHOHHOH 
salami.  9to  rapaHTiipyeTCH  BBinojiHemieM  ycjiOBHH  1 1 ^^3 1 1  <  1.  OneBi-mHO,  || I  —  P3 1|  <  1.  Cjie^OBaTejiBHO, 
||AT3||  <  ||AT||,  OTcro^a,  oneBii^HO,  hto  ycjiOBi-ie  BBinojiHeHO,  a  || A'q3  ||  <  ||A'o||-  ycjiOBHe  Ha  p  HMeeT  bh^  p  < 
IIAToaH"1.  TamiM  o6pa30M,  TomraH  BepxHHH  rpaHB  p 2  b  cjiynae  flByxTOHeHHoii  salami: 

¥3  =  1 1  Ao3 1  r 1  >  iiAToir1  =p2- 


MeTO^,OM  MaTeMaTi-mecKOH  HH^yKpiiH  ^OKasBiBaeTCH  pjir  q\  <  q2:  pqi  <  pq2. 

JlHiepaiypa 

[1]  A36ejieB,  MaKCHMOB,  PaxMaTyjuiHHa.  OjieMeHTBi  coBpeMeHHoii  Teopnii  4>yHKn;HOHajibHO-flH4)4)epeHLi,HajibHbix  ypaB- 
HeHiiii.  MeTOflbi  h  npmiojKeHHa.  -  MocKBa,  Hh-t  KOMn.  nce.  i.,  2002  -  384  c. 

[2]  A36ejieB,  KyjiTbimeB,  HajiiOK.  ®yHKii,HOHajibHO-rzi,ii4>c|3epeHii,HajibHbie  ypaBHeHna  h  Bapiian,HOHHbie  3aflaan.  -  MocKBa- 
HaceBCK,  PX^[,  2006. 

[3]  HajiiOK.  MeTOfl  aboiihoii  W-noflCTaHOBKHflaa  pememia  nepeonpeflejieHHoii  KBaflpaTHHHoii  3aflaan  -  Pa3aHb,  Il3BecTiia 
PAEH.  ^H4>4)epeHLi,HaabHbie  ypaBHeHaa,  2006,  T.  10,  IN’2  10,  c.  72-80. 


Increasing  of  the  Quadratic  Variational  Problem  Parameter  with 
Rising  the  Number  of  Boundary  Conditions 
Bochkarev  G.P. 

Perm  State  Technical  University 


A  quadratic  variational  initial  boundary  value  problem  is  studied  using  the  methods  of  Perm  seminar. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


IIEPBblE  HHTErPAJIbl  B  MEXAHHKE  EECKOHEHHOMEPHbIX 

CHCTEM  rEJIbMrOJlbti;A 

ByflOHKHHa  C.A. 

Poccuuckuu  ynueepcumem  dpyotc6u  napodoe,  Mooted 

PaccMOTpi-iM  ,n,ei1CTBi-ie  no  FaMHjiBTOHy  Bima 

^1 

/dR 

{<  R2ut,ut  >  +  <  Ri{u) - Qfu’Ut  >  +B[u]}dt  +  Fft[u0\.  (1) 

to 

OyHKHHH  u(t)  nocTaBHM  b  cooTBeTCTBne  cJiyHKHHK)  u(t,  e)  no  npaBiuiy 

u  =  u  +  eS(u).  (2) 

Onpe^ejieHHe.  ITpeo6pa30BaHHe  (2)  Ha3BiBaeTcn  c h m m e r r p h e h  ,n,o  ^HBepreHipni  .nencTBira  no  FaMHjiBTOHy 
(1)  Ha  W,  ecjin  cym,ecTByeT  cjryHKpHOHaji  /  TaKoii,  hto 

Ti 

Fj?1  [m  +  eS'(u)]  =  F^1  [u]  +  e  j  Dtf[u]dt  +  r(u,  eS(u))  Vu  £  W,  VTi  :  ta  <  T)  <t\, 

to 

„  v  r(u,eS(u))  r\ 

npnneM  lim£^o  g  =  U. 

FIojiyneHBi  ycjiOBira  HHBapnaHTHOCTH  ^o  ^HBeprempni  ^encTBiia  no  FaMnjiBTOHy  (1)  n  ,n,aH  o6m,nn  bh/i  nep- 
bbix  HHTerpajiOB  ypaBHeHnit  ,aBH>KeHHi.r  ci-ictcm  c  6ecKOHenHBiM  hiicjiom  CTeneHeii  CBo6o,n,bi. 

TeopeMa.  Ec.au  npeo6pa3oeaHue  (2)  -  cuMMempufi  do  dueepzenyuu  (1)  na  W,  mo  eupaotcenue 

c)  R 

I[u]  =<  (i?2  +  R2)ut  +  Rl(u) - ~^u,S{u)  >  -  f[u } 

onpede.afiem  nepeuu  unmezpa.a  ypaenenufi  9u.aepa-JIazpaHcnca,  coomeemcmeymu^ezo  (1). 

TeopeTH'iecKHe  pe3yjiBTaTBi  HjunocTpnpyiOTCJi  KOHKpeTHBiMH  npnMepaMH. 

Pa6oTa  BBinojraeHa  npn  cjniHaHCOBon  noAHepncKe  POOH  (rpaHTBi  N-  06-01-00341a  n  JV*  06-01-04006-HHHO-a) 

JlHTepaTypa 

[1]  CaenuH  B.  M.  MaTeMaTiiuecKiie  MeTOflbi  MexamiKii  6ecKOHeuHOMepHbix  HenoTeHpuajibHbix  cncTeM.  M.:  H3fl-BO  Py,fl(H 
(1991). 

[2]  CaeuuH  B.  M.,  BydouKuna  C.  A.  O  CTpyKType  Bapiian,iiOHHoro  ypaBHemis  3BOjnon,iiOHHoro  Tuna  co  BTopofi  npoH3- 
BOflHoii  no  t  RuificfjepeHyuaAbHue  ypaenenufi.  T.39  (1)  (2003),  118-124. 


First  Integrals  in  Mechanics  of  the  Helmholtz  Systems  with  Infinite 
Number  of  Degrees  of  Freedom 

Budochkina  S.A. 

Russian  Peoples’  Friendship  University,  Moscow 

Structure  of  some  first  integrals  of  Euler-Lagrange’s  equation  corresponding  to  the  given  functional  is  obtained. 
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k  Bonpocy  o  JianyHOBCKon  iiphbo^hmocth 

CHCTEM  C  nOCJIEAEHCTBHEM 


BtiKOBa  T.C. 

rOYBIJO  «HcnceecKuu  docydapcmeennuu  mexHUHecKuu  yHueepcumem»,  Poccusi 


PaccMaTpi-iBaeTca  cucTeMa  ypaBHemiH  c  nocjie^eiicTBiieM 

[0 

x~  dA(t,  s)xt(s),  t  £  (— oo,+oo),  (1) 

J  —r 


rpe  (JjyHKpiiH  A:  R  x  [ — r*,  0]  — *  M(n,R)  y^OBjieTBopaeT  ycjiOBHHM,  o6eciieHHBaiom;nM  npaBOCTopoHHee  cyrqe- 
CTBOBaHiie,  e^iiHCTBeiiHOCTB  h  nenpepBiBHyro  3aBiiciiMOCTB  ot  iiauajiBHBix  ,n,aHHBix  peineHira  3a,n,aHH  Komii  pnsi 
ci-iCTeMBi  (1).  3^ecB  3amiCB  xt  03HauaeT  (JjyHKpiiio  s  — >  xt(s)  =  x(t  +  s)  nepeMemioro  s  £  [— r,  0]  co  3 h a' i e h m h m h 
b  Rn. 

B  xanecTBe  npocTpaHCTBa  HauajiBHBix  (])yHKnnu  paccMaTpiiBaeTca  npocTpaHCTBO  S  Bcex  HenpepbiBHBix 
(]i)yHKHHH  u:  [— r,  0]  — >  Rn.  BcHKoe  pememie  t  — >  x(t,u)  ciiCTeMBi  (1),  ya,OBjieTBopjnoiu,ee  npii  t  £  [ — r*,  0]  Ha- 
najiBHOMy  ycjiOBiiio  x(t)  =  u(t),  nopc»Ky;aeT  deucucenue  t  — >  Xt(-,u)  b  npocTpaHCTBe  S. 

L2-noKa3aTejieM  JlanyHOBa  .npHJKeHira  t  — ■>  xt(-,u)  Ci-iCTeMBi  (1)  6yn,eM  ria3BiBaTB  hhcjio 

A(u)  =  r^e  ||u||2  =  (y  |w(s)|2(is^ 

IlycTB  S~  =  {u  £  S:  A (u)  =  —  oo},  S+  npHMoe  flonojiHemie  no/yipocTpaHCTBa  S~  po  npocTpaHCTBa  S,  t. 
e.  S  =  S+®S~. 

^OKasaHO,  hto  cyxemie  CiiCTeMBi  (1)  Ha  KOHenHOMepHoe  (pasMepHOCTi-i  p )  no/yipocTpaHCTBO  npocTpaHCTBa 
S+ ,  npiiBO/piMO  opToroHajiBHBiM  jumyHOBCKHM  npeo6pa30Bam-ieM  k  ciiCTeMe  o6bikhob6hhbix  ^iKjjcjDepeHpuajiB- 
hbix  ypaBHem-iH 

V  =  B(t)y,  t>  0,  y  £  Rp 

c  HenpepbiBHoii  BepxHeii  TpeyrojiBHofi  MaTpupeii  B.  riojiyHeHBi  ,n,ocTaTOHHBie  ycjiOBHH,  npn  kotopbix  B(t)  orpa- 
HiineHa  Ha  R. 

JJji h  Ci-iCTeMBi  (1)  c  peKyppeHTHoii  no  BpeMemi  t  npaBoii  nacTBio:  pjm  jik>6bix  e  >  0  h  T  >  0  MHoncecTBO 


Qa(£,T)=  idei?:  max  \A(t  +  0)  —  H(t,0)|  +  f  \A(t  +  •$,  s)  —  A(t,  s)|ds  ]  <£ 

l*l<T  J  / 


OTHOCHTejiBHO  njiOTHO  Ha  npHMoii  R,  noKa3aHO,  hto  MaTpupa  B{t)  orpamiHeHa  Ha  R  npn  6ojiee  cjia6bix  ycjio- 
bhhx,  neM  b  cjiynae  CiiCTeMBi  (1)  o6in,ero  Bima. 

OcHOBHBie  pe3yjiBTaTBi  ony6jiiiKOBaHBi  b  [1-3] . 

PaboTa  BBinojiHeHa  npn  no,imep}KKe  POOH  (rpaHT  AT2  06-01-00258). 

JlHTepaTypa 

[1]  BbiKOBa  T.C.,  Tohkob  E.JI.  JlanyHOBCKaa  npiiBOflHMOCTb  jihhghhoh  CiiCTeMBi  c  nocjiefleacTBiieM  //  ,Zbic(>4>epeHii,Hajib- 
HBie  ypaBHemia.  2003.  T.  39.  N2  6.  C. 731-737. 

[2]  BbiKOBa  T.C.,  Tohkob  E.JI.  IlpHBOflHMOCTb  jiHHeiraoH  CHCTeMbi  c  nocjiefleiicTBHeM  / /  Tpyflbi  MHCTHTyTa  MaTeMaTHKii 
h  MexaHHKH  YpO  PAH.  EKaTepHH6ypr,  2005.  T.  11,  N2  1.  C.  53-64. 

[3]  BbiKOBa  T.C.  O  npiiBOflHMOCTH  jiiiHeiiHoii  peKyppeHTHoii  CHCTeMbi  c  HacjieflCTBeHHOCTbio  / /  H3BecTHa  IIMH  YflTy. 
HaseBCK.  2006.  Bun.  3(37).  C.  17-18. 


On  Lyapynov  Reducibility  of  Systems  with  Aftereffect 

Bykova  T.C. 

Izhevsk  State  Technical  University,  Russia 

We  show  that  under  certain  assumptions  the  restriction  of  a  linear  system  with  aftereffect  and  finite  Lyapunov 
index  to  a  finite-dimensional  solutions  subspace  is  asymptotically  homothetic  to  a  system  of  ordinary  differential 
equations. 

We  obtain  the  sufficient  conditions  under  which  the  restriction  of  a  system  with  aftereffect  subspace  with  the 
right-hand  side  recurrent  with  respect  to  time  t  to  the  finite  dimensional  solutions  subspace  is  asymptotically 
homothetic  to  a  system  of  ordinary  differential  equations  with  bounded  and  continuous  upper  triangle  matrix 
of  coefficients. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


O  CyilJECTBOBAHHH  OYHKIJHH  JlfflYHOBA  B  3A^AHAX 

ycTOHHnBOCTn  AMOEPEHijHAJibHbix  chctem 

C  HMnyJlbCHblM  B03JTEHCTBHEM 
Tjia^HJiHHa  P.H.,  HrHaTt.es  A.O. 

Hncmumyrn  npuKJiadnou  MameMamuKU  u  Mexanunu  HAH  Ynpaunu,  /foneyn 


0/3,hi-im  H3  Han6ojiee  3cf>4)eKTHBHBix  MeTO,n,OB  iiccjie^,OBaHiiH  ycTOH'iHBOCTH  HejiHHeHHwx  riMnyjiBCHBix  ciiCTeM 
HBjiaeTCH  npHMoii  MeTO,n,  JLmyHOBa.  BMecTe  c  TeM,  no^aBjunomee  6ojiBmiiHCTBO  ony6jiiiKOBaHHBix  pa6oT,  iic- 
nojiB3yK>in,iix  MeTO,n,  cjyyHKHHH  JlanyHOBa,  nocB5uu,eHO  ycTaHOBjieHiiio  ,n,ocTaTOUHBix  npii3HaKOB  ycToibiHBOCTH 
pernem-iii  HMnyjiBCHBix  CiiCTeM,  b  to  BpeMH,  Rax  npo6jieMa  cymecTBOBamia  cjryHxnyiH  JlanyHOBa  ocTaeTca  Majio 
nccjie^OBaHHoii,  hto  BBi3BaHO  cjio>khoctbio  pememia  TaKoii  salami. 

PaccMOTpiiM  HejiriHefiHyio  HMnyjiBCHyio  ci-iCTeMy  [1]. 


ie[Ti_i,Ti)  ieN, 

Ax  =  x(ri  +  0)  —  x(tz  —  0)  =  Ii(x),  t  =  Tj,  i  G  N, 

X(t+)  =  Xq, 


(1) 


r^e  t  G  R+,  x  G  ft  C  Rn,  f  :  R+  x  fl  — »  Rn,  f(t,x)  G  Lip(x ),  f(t,  0)  =  0;  Ii-.fl—>  Rn,Ii{x)  G  Lip, 
Ii( 0)  =0;  0  =  To  <  Ti  <  t2  <  . . . ;  t*  — >  oo  npn  i  —>  oo. 

Pememie  x(t)  =  x(t,t o,Xo)  cucTeMBi  (1)  npe,n,no.JiaraeTca  HenpepBiBHBiM  caeBa  b  Touxax  t  =  Ti. 

C  noMompio  paspbiBHBix  KycoHHO-fliKjxJjepeHpiipyeMBix  cjDyHxnyni  JIanyHOBa  nojiyueHBi  Heo6xo,n,HMBie  h  p,o- 
CTaTOHHBie  ycjiOBi-ia  acHMnTOTHHecKoft  ycToftuHBOCTH  HyjieBoro  peineHiia  ci-iCTeMBi  (1)  xaK  no  BceM,  Tax  h  no 
nacTii  nepeMeHHBix,  hto  o6ocHOBMBaeT  ymiBepcajiBHOCTB  npaMoro  MeTO,n,a  JIanyHOBa. 


JlHTepaTypa 

[1]  Samoilenko  A,  Perestyuk  N.  Impulsive  differential  equations.  Singapure  -  New  Jersey  -  London:  Word  Scientific,  1995. 


On  the  Existence  of  Lyapunov  Functions  for  the  Stability  Problem  of 
Differential  Systems  with  Impulse  Effect 

Gladilina  R.I.,  Ignatiev  A.O. 

Institute  of  Applied  Mathematics  and  Mechanics,  National  Academy  of  Sciences  of  Ukraine,  Donetsk 

The  stability  problem  of  the  solutions  of  nonline  impulsive  systems  was  studied  by  means  of  Lyapunov  functions. 
Direct  and  converse  theorems  of  uniform  asymptotic  stability  were  proved. 


HEJIHHEHHblE  fl. MOOEPEHI^MAJIbHblE  yPABHEHHX  H  MX  IIPHJIOMEHHH 
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ACHMnTOTHHECKOE  nOBE^EHME  PEIHEHHH  3A,HAHH  KOIIin 

F(t,x,x')  =  0,  x(0)  =  0 

3epHOB  A.E.,  Ky3HHa  KD.B. 

BDcHCHoyKpauHCKUu  socydapcmeenHuu  nedaeoeuuecKuu  ynueepcumem 
um.  K.JJ.  yiuuHCKoeo,  Odecca,  Ynpauna 

B  ,n,OKjia^i,e  H3Jio>KeHbi  HeKOTopbie  pe3yjibTaTbi,  nojiyneHHbie  npii  KanecTBeHHOM  aHajiii3e  3a^,an  Komii 

x'(t )  =  F(t,x(t),x'(t)),  x(0)  =0, 

E“=i  =  (aikt  +  a2k(t)){x'(t))k  =  b1t  +  b2x(t)  +  f(t,x(t),x'(t)),  *(0)  =  0, 
ta{x{t)Y{x'{t))1  =  bit  +  b2x(t)  +  f(t , x(t),x'(t)),  x(0)  =  0, 

P{t,  x(t),x'(t))  +  f(t,  x(t),  x'(t))  =  0,  a;(0)  =  0, 

r^e  x:  (0 ,  r)  — ■ >  K.  —  Heii3BecTHaa  (JjyHKpiiH,  F :  Z?  — >  K  n  / :  D  — »  R  —  nenpepbiBHbie  <f>yHKHHH,  D  C  (0,r)  x 
RxR,P  —  MHoroHjieH  ot  cboi-ix  nepeMeHHbix,  a\ k  h  a2k  (k  £  { 1, . . . ,  m}),  b\,b2  nocToanHbie,  a,  / 3  —  qejibie 
HeoTpiipaTejibHbie,  7  -  HaTypanbHoe,  a  +  (3  >  1,  cjryHKqna  /  b  neKOTopoM  CMbicjie  Majia. 

PemeHiieM  Ka>K,a,OH  H3  sthx  3a,n,aH  nasbiBaeTca  HenpepbiBHO  /pxJxjjepeHUHpyeMaH  cjryHKiiyiH  x:  (0,p]  — >  K. 
(0  <  p  <  t),  KOTopaa  npii  Bcex  t  £  (0,  p\  ynpBjieTBopaeT  cooTBeTCTByiomeMy  ^ncjjcjDepeHpiiajibHOMy  ypaBHemuo, 
npiiaeM  x(t )  — >  0  npii  t  — >  +0. 

HccjieflyeTCH  Bonpoc  o  cymecTBOBaHini  yKasaHHbix  3a7,a h  pemeHiiii  x:  (0,p]  — >  K,  (r,n,e  p  —  ,n,ocTaTOHHO 
Majio),  y7,OBjieTBop5noin,iix  o,n,HOMy  H3  ycjiOBiiii: 

x(t)  =  (ci  +  o(l))t,  t  — >  +0, 


x(t)  =  ^2  Cktk  +  o(tN),  t ->  +  0, 
fc= 1 

r,n,e  Bee  Ci , . . . ,  Cat  —  ii3BecTHbie  nocTOHHHbie.  IfeynaeTCH  aciiMnTOTiiaecKoe  noBe^emie  nepBbix  npoi-i3BO,n,Hbix 
3thx  pemeHiiii  npii  t  — >  +0.  BbiacHaeTca  Bonpoc  o  KOJiimecTBe  Taxiix  pemeHiiii. 


An  Asymptotic  Behavior  of  Solutions  of  the  Initial  Value  Problem 

F(t,x,x')  =  0,  x(0)  =  0 

Zernov  A.E.,  Kuzina  Yu.V. 

South  Ukrainian  State  Pedagogical  University,  Odessa,  Ukraine 

We  prove  that  some  classes  of  implicit  initial  value  problem  possess  nonempty  sets  of  continuously  differentiable 
solutions  with  required  properties.  We  use  qualitative  methods. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


CHHrYMPHblE  3AAAHH  KOIHH  AM 
OyHKD;HOHAJlbHO-AH®®EPEHti;nAJlbHbIX  yPABHEHMEt: 
PA3PEIIIHMOCTb,  KOJIHHECTBO  PEIHEHHn, 
ACHMnTOTHKH  PEIHEHIfH 

3epHOB  A.E.,  HaftnyK  O.P. 

K)c>tcHoyKpauHCKUu  eocydapcmeeHHuu  nedmozunecnuu  ynueepcumem 
um.  K.JJ.  yiuuHCKoeo,  Odecca,  Ynpauna 

PaccMaTpiiBaiOTCH  sa^aui-i  Komii  Brma 

a(t)x'(t)  =  f(t,  x(t),x(g(t)),x'(t),x'(h(t))),  x(0)  =  0,  (1) 

r^e  x:  (0, r)  — +  ffi.  -  Heii3BecTHaa  cjjyHKniiH,  a:  (0,r)  — >  (0, +oo)  —  HenpepbiBHaa  cjryHKnjia,  lim  a(t)  =  0, 

g :  (0, r)  — >  (0, +oo),  h:  (0,r)  — »  (0,+oo)  —  HenpepbiBHBie  (fry  mop-in,  0  <  g(t)  <  t,  0  <  h(t)  <  t,  t  £  (0, r), 

/ :  D  — >  R.  -  nenpepBiBHaa  (JjyHKpiiH,  D  C  (0,r)xRxRxRxR.  PememieM  3a,a,aHi'i  (1)  Ha3BiBaeTca  HenpepBiBHO 

^iicjxcjDepeHpiipyeMaH  cjxyHKpiiH  x:  (0,p]  — >  K,  KOTopaa  yupBjieTBopaeT  ypaBHemno  (1)  npii  Bcex  t  £  (0,  p]  n  npii 

3tom  lim  x(t)  =  0. 
t^+o 

Ilccjie,a,yK)TCH  jiiiHeimBie,  B03Mym,eHHBie  jiHHeftHBie,  nejiiiHeimBie  h  B03Mym,eHHBie  HejiiiHeiiHBie  ciiHryjiapHBie 
3a^aHi-i  Bii,a,a  (1).  OopMyjuipyiOTca  scjxcjDeKTiiBHBie  ,gocTaTOUHBie  ycjiOBiia,  npii  kotopbix  Kaaygaa  3a,n,aHa  yxa- 
3aHHoro  Brma  HMeeT  nenycToe  mhojkbctbo  pemeHiiii  x:  (0,p]  — ■>  ffi.  ( p  —  .upcTaTOUHO  Majio)  c  onpe^ejienHBiMH 
acHMnTOTHHecKHMH  CBOiiCTBaMi-i  npii  t  — >  +0.  PfeyuaeTca  Bonpoc  o  KOJinaecTBe  Taxi-ix  pernem-ifi.  CbHOBpeMeimo 
iiccjie^yeTca  aciiMnTOTriuecKoe  noBe^emie  nepBBix  npoii3BO,a,HBix  stiix  pemeHiiii  npn  t  — +  +0. 


Singular  initial  value  problems  for  functional  differential  equations: 
solvability,  number  of  solutions,  asymptotics  of  solutions 

Zernov  A.E.,  Chaichuk  O.R. 

South  Ukrainian  State  Pedagogical  University,  Odessa,  Ukraine 


Singular  initial  value  problems  for  functional  differential  equations  are  under  consideration.  We  find  continuously 
differentiable  solutions  with  required  properties. 


HEJIHHEHHblE  fl. H&QEPEHIfHAJlbHblE  yPABHEHHH  H  MX  nPHJIOMEHHH 
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yCJTOBnE  CymECTBOBAHHa  OrPAHHHEHHbIX  PEHIEHHH  OAHOrO 
KJ1ACCA  HEJIHHEHHbIX  YPABHEHHH 

HBaHOB  B.<E>. 

CaHKm-nemep6ypzcKuu  eocydapcmeennuu  mexHOAoeunecnuu  ynueepcumem 
pacmumeA'bHux  noAUMepoe,  Poccua 

IlycTb  p  £  (2,  3].  PaccMaTpi-iBaeTca  Bonpoc  o  cymecTBOBaHiin  npn  mujibix  HauajiBHBix  ycjiOBiiax  orpaHiiHeHHBix 
Ha  R1  pemeHiiii  ypaBHemiH 

OO 

x(t)  =  a0(t)  +  ax (t)  +  ak(t)xk(t),  (1) 

k- 2 

r^e  K03 (}i) cji) h n h e h t b [  ak(t)  £  Lp(Rl),  k  =  0,1)2,...,  a  hx  npeo6pa30BaHiisi  Oypbe  coBna^aiOT  b  neKOTO- 
poii  OKpecTHOCTii  HyjiH  c  npeo6pa30BaHHHMii  Oypae  KaKHx-jinbo  <J>yHKii,HH  Kjiacca  L 1(R1).  06o3HaHiiM  uepe3: 
Rk  C  iR 1  U  {too}  -  MHO»cecTBO,  He  co^epncamee  Toueic,  b  OKpecTHOCTii  KajK^oft  H3  kotopbix  npeo6pa30Ba- 
Hne  Oypae  cJiyHKHHH  ak{f),  k  =  0, 1, 2, . . .  coBna^aeT  c  npeo6pa30BaHi-ieM  ®ypi>e  KaKOH-jin6o  cjiyHKHHH  xjiacca 

Lq(yR1),  — K  —  =  1.  9ti-i  MHO»cecTBa  hbjijuotch  [1]  aHajioraMii  mhohccctb  uacTOT  h3  KjiacciiHecKoii  Teopini 

V  Q 
pe30HaHca. 

YcTaHOBjieHO,  hto  npn  BBinojiHemni  Hepe30HaHCHBix  cooTHomeHiiii: 

1)  {too}  Rk,  k  =  0, 1, 2, ... . 

2)  cyipecTByeT  £  >  0  bpia  KOToporo  9  {Pm  +  Rn}  =  0,  m,n  =  0,1,2,...,  m  /  n  mohcho  yxa3aTB 

Taxoe  0  <  p  <  1,  hto  ecjni  nopMBi  KOS^cjjimiieHTOB  ak{t)  b  neKOTopnix  cnepnajiBHO  nocTpoeHHBix  nopMiipo- 
BaHHBix  npocTpaHCTBax  He  npeBoexo^HT  cooTBeTCTBeHHO  bbjihhhh  pk,  k  =  2,3, . . . ,  to  pemeHira  ypaBHeHiia  (1) 
C  MajIBIMI-I  HaHajIBHBIMII  yCJIOBHHMH  OrpaHIIHeHBI. 

HacToamaa  paboTa  HBjiaeTca  npoflOJiJKeHiieM  iiccjiebbOBaHiiii  aBTopa  [1,  2]  h  ^onojiHaeT  pe3yjiBTaTBi  Kyue- 
pa  [3]  h  BejuiMaHa  [4]  no  orpaHHHeHHOCTii  pemeHiiii  HejiiiHeiiHBix  cucTeM. 

JlmepaTypa 

[1]  IlBaHOB  B.<5.  //  71i«l)4)epeHii,.  ypaBHemis.  1997.  T.33,  N25.  C.  704-706. 

[2]  HBaHOB  B.<1>.  //HejiiiHeiiHbie  flHHaMHHecKiie  cucTeMbi.  Bbin.l.  CI16.  1997.  C.  125-130. 

[3]  Kyuep  A.JL  //  ^AH  CCCP.  1949.  T.69,  1^5 .  C.  603-606. 

[4]  Bellman  R.  //  Ann.  of  math.  1948.  V.  49,  JV«3.  P.  515-522. 


Some  Condition  of  Existence  of  Bounded  Solutions  for 
One  Class  of  Nonlinear  Equations 
Ivanov  B.F. 

Saint  Petersburg  State  Technological  University  of  Vegetate  Polymers,  Russia 

The  following  statement  for  one  class  of  nonlinear  differential  equations  is  proved.  The  bounded  solutions  exist 
on  the  real  line  if  "nonresonance  relations"  —  a  notion  introduced  by  the  author  are  valid  and  initial  value  is 
sufficiently  small. 

The  reference  list  contains  4  items. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


KOHTAKTHA5I  TEOMETPM  HEJIHHEHHOrO 
BOJIHOBOrO  YPABHEHM 

KyniHep  A.T. 

AcmpaxancKun  gocydapcmeemtuu  ynueepcumem,  Poccuh 

HacToamaa  pa6oTa  nocB5mi,eHa  pemeHiiio  npobjieMBi  k j race iicjj h Kan h h  ypaBHeHHft  MoH»ca-AMnepa  ninepbojiiiHe- 
CKoro  Ti-ma  Ha  ,n,ByMepHBix  MHoroo6pa3i«ix.  3Ta  npo6jieMa  bocxo,h,ht  k  pa6oTaM  Cocjiyca  JIh  [1]  h  TecHO  CBjraaHa 
c  3a^3,aHaMii  k j [ ac c h <f) h Ka h h h  ypaBHeHHft  MoHHta-AMnepa  h  scjDcjieKTHBHBix  ^iKjxJjepeHpHajiBHBix  2-<J>opM  [2,  4] . 
OcHOBHoft  imeeft  pa6oTBi  hbjihctch  omicaHiie  ypaBHemiH  MoHHta-AMnepa  o6m,ero  nojiOHceHHH  Kax  e-CTpyKTypBi 
(a6cojnoTHoro  napajuiejiH3Ma)  Ha  rjia,a,KOM  MHoro6pa3HH  l-,zpKeTOB  [3].  A113  ypaBHeHHft  MoHHta-AMnepa  mbi 
yKa3BiBaeM  nojiHyio  ciiCTeMy  ^KjxJjepeHpHajiBHBix  HHBapriaHTOB  OTHOCiiTejiBHO  KOHTaKTHBix  npeo6pa30BaHiift. 
B  KanecTBe  npi-mepa  mbi  paccMaTpiiBaeM  HejniHeimoe  BOJiHOBoe  ypaBHemie  Bima 

vxy  =  f(x,y,v,vx,vv). 

Mbi  TaK»ce  npiiBO^iiM  nojiHoe  pemeHiie  npo6jieMBi  KOHTaKTHoft  jiHHeapH3aii,HH  rnnep6ojiHHecKHx  h  ajuiunTi-iHe- 
ckhx  peryjuipHBix  ypaBHeHHft  MoHHta-AMnepa. 

JlHTepaTypa 

[1]  Lie  S.  GesametteAhandlungen,  Leipzig-Oslo,  1922-1935,  vol.  1-7. 

[2]  JTbiaariiH  B.B.  KoHTaKTHaa  reoMeTpna  h  HejiHHeiiHbie  fln4>4)ePeHLI,HajIbHMe  ypaBHeHira  BToporo  nopa^Ka  //  YMH, 
1979,  t.  34,  Ns  1,  C.  101-171. 

[3]  KyiHHep  A.  YpaBHemia  MoHaca-AMnepa  h  e-CTpyKTypbi  //  AOKJ1-  PAH,  1998,  t.  361,  Ne  5.  C.  595-596. 

[4]  Kushner  A.,  Lychagin  V.,  Rubtsov  V.  Contact  Geometry  and  Non-linear  Differential  Equations,  Cambridge  University 
Press,  Series:  Encyclopedia  of  Mathematics  and  its  Applications  (No.  101),  2006,  500  pp. 


Contact  Geometry  of  Nonlinear  Wave  Equation 

Kushner  A.G. 

Astrakhan  State  University,  Russia 

We  present  a  solution  of  the  classification  problem  for  classical  hyperbolic  and  elliptic  Monge-Ampere  equations 
with  respect  to  contact  transformations.  We  also  present  a  complete  solution  of  contact  linearization  of  Monge- 
Ampere  equations.  As  an  example  we  consider  the  nonlinear  wave  equation. 


HEJIHHEHHblE  JJH Q OEPEHRHA  Jib HblE  yPABHEHHH  H  MX  IIPHJIOMEHHX 
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AHAJTH3  CJICDKHOCTn  HHTErPAJIbHbIX  TPAEKTOPHH 
ABTOHOMHbIX  OBbIKHOBEHHbIX  AM^EPEHIJHAJIbHblX 
ypabhehhh  BTOPoro  iioph^ka 

MaKapeHKO  A.B. 

CKrMH  (rTY),  B.n,aduKaeKa3 ,  Poccuh 


BBe^eM  b  paccMOTpemie  flimaMHuecKyio  ciiCTeMy  3a,n,aHHyio  aBTOHOMHbiM  o6biKHOBeHHbiM  ^HcjxjDepeHiijiajibHbiM 
ypaBHeHiieM  BToporo  nopa,ii,Ka  (no,no6Hbiii  Kjiacc  ypaBHeHiiii,  b  uacTHOCTii,  miipoKO  npi-iMeiraeTCH  rjik  oniicaHiui 
HejiiiHei"iHbix  KOjie6aTejibHbix  ci-icTeM): 

x  =  Q(x,  x).  (1) 

IIpi-meM  x  £  X  C  R1,  <f>yHKhHH  Q(x,  x)  -  rjia^Kaa,  HenpepbiBHan,  onpe,n,ejieHa  b  o6jiacTi-i  G  C  R2,  h  i-iMeeT  b 
stoh  o6jiacTi-i  HenpepbiBHbie  uacTHbie  npoii3BO,a,Hbie  ,a,o  nopa^xa  He  mince  nepBoro,  a  ypaBHemie  ynpBjieTBopneT 
TeopeMaM  o  cymecTBOBamm  i-i  e^imcTBemiocTH  penieHira. 

B  pa6oTe  [1]  6bijih  o6o3HaHeHbi  ocHOBHbie  nojionceHira  HOBoro  no,ipco,ii,a,  coo6m,aioiii,ero  KauecTBeHHyio  h,  b 
onpe,a,ejieHHOM  po,n,e,  KOJiiiHecTBeHHyio  imc]3opMaii,Hio  o  ^imaMi-mecKi-ix  xapaKTepiiCTHKax  HHTerpajibHbix  Tpa- 
eKrropHH  x(t),  t  £  T  c  R1  CHCTeMM  Bima  (1)  b  npocTpaHCTBe  co6biTim  Cl  =  X  x  T.  ITpn  stom  HociiTejieM 
HH(J)opMaii,HH  hbjijhotch  CKajinpHbie  nojui: 


Vo  {x,  x) 


Q{x,  x) 

1  +  x2  ’ 


02  (*>  X) 


%Vo(x,  x). 


(2) 


AonojiHHTejibHbie  uccjie^OBaHHH  noxasajiH,  hto  uepe3  BejiiiHiiHbi  (2)  Taunte  bo3mo>kho  Bbipa3iiTb  c/ioatc- 
Hocmt)  UHmezpa.at>HUX  mpaeKmopuu  x(t)  b  npocTpaHCTBe  Cl: 


Cxa(x,  x)  =  0X1  +  Q2(x,  x),  cacp(x,  x)  =  \lQ2{x ,  x)  +  [0q{x,  a:)]2,  ^ 

Cip{x,  x)  =  \vS{x,  x)\ . 

riojra  (3)  3a,a,aiOT  pacnpe^ejieHiisi  b  (J>a30BOM  npocTpaHCTBe  (x,  x)  MrHOBeHHbix  cjioncHOCTeii  CTaTimecKOH  h 
flHHaMHHecKofi  cocTaBjijnoin,i-ix  CTpyKTypbi  HHTerpajibHbix  TpaeKTopnii  x(t)  [2].  A™  npo6HOi"i  iiHTerpajibHoii 
TpaeKTopim  Lt  bo3mo>kho  paccHHTaTb  a6cojiK>THbie  cjiojkhoctii 


C0  =  J  c0(x,  x)  ds.  (4) 

(Lt) 

IIpi-meM  b  xanecTBe  L  j-  MoryT  BbiCTynaTb:  TpaeKTopnii  ynpaBjieHiia;  HCTHHHbie  TpaeKTopnii  cucTeMbi  (TOHHbie, 
riHTepno jiripoB aHHbie ,  B03Mym,eHHbie) ;  a  TaKnce  ncKyccTBeHHbie  TpaeKTopim  no3BOJiJHom,ne  BbiHBjiHTb  oco6eH- 
HOCTII  II  OTJIIIHHJI  B  flHHaMHKe  CHCTeMbI  B  TOH  HJIH  HHOH  o6jiaCTII  <f>a30B0r0  npOCTpaHCTBa  (x,  x). 

Otmcthm,  hto  BejiiiHiiHbi  (3)  ii  (4)  HecyT  Banmyio  HHcjDopMaiijiio  o  ,zi,HHaMHHecKHx  xapaKTepiiCTHKax  iiccjie- 
.nyeMoii  cucTeMbi  b  npocTpaHCTBe  Cl.  Hmchho  cjiohchoctb  HHTerpajibHbix  TpaeKTopnii,  b  uacTHOCTii,  onpe,n,ejiJieT 
npe,n,CKa3yeMOCTb  h  xapaKTep  SBOjnopim  cucTeMbi  (^eTepMiiHiipoBaHHoe  hjih  xaoTiiHecKoe  noBe^,eHiie) . 

JlHTepaTypa 

[1]  MaKapeHKO  A.B.  HccjieflOBamie  juiHaMHuecKoii  CTpyKTypbi  aBTOHOMHbix  o6biKHOBeHHbix  fliicjjcjjepeHiiHajibHBix  ypaB- 
HeHiiii  BToporo  nopHjuca  b  npocTpaHCTBe  «cocTOHHHe-CKopocTb-KpiiBH3Ha».  / /  C6ophhk  Te3ncoB  IX  MejKflyHapoflHoro 
ceMHnapa  j^ctohhhboctb  ii  KOJie6aHiia  HejiiiHeiiHBix  chctcm  ynpaBjieHna».  -  MocKBa,  Hliy  PAH,  2006. 

[2]  MaKapeHKO  A.B.  Bbipaacemie  CTpyKTypbi  flHHaMiiaecKoro  npopecca  bo  BpeMeHHoii  o6jiacTii  b  TepMimax  fliicJxJiepeH- 
n,najiBHOii  reoMeTpmi.  //  H3BecTaa  By30B.  npiiKjiaflHaa  HejiiraeiiHaa  flHHaMHKa.  2006.  JV2  4. 


Complexity  Analysis  of  Integral  Trajectories  of  the  Second  Order 
Autonomous  Ordinary  Differential  Equations 
Makarenko  A.V. 

NCIMM  (STU),  Russia,  Vladikavkaz 

The  correlation  of  predictability  and  character  of  evolution  (deterministic  or  chaotic  behavior)  of  the  dynamic 
systems  to  the  complexity  of  its  integrated  trajectories  has  been  established  in  the  present  contribution. 
Complexity  calculation  can  be  carried  out  both  for  the  trajectory  of  control  and  for  the  true  trajectories 
of  a  system  (exact,  interpolated,  perturbed).  Furthermore  for  the  purpose  of  detection  of  singularities  and 
differences  in  the  system  dynamics  in  different  areas  of  phase  space  "condition-speed"  the  assumed  so-called 
test  trajectories  are  introduced.  More  comprehensively  the  ways  of  using  the  described  analytical  apparatus 
have  been  worked  up  for  the  systems  given  by  the  second  order  autonomous  ordinary  differential  equations. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


O  CymECTBOBAHHH  H  E^HHCTBEHHOCTH  PEIHEHHH  CHCTEM 
AJirEEPO-AHOOEPEHttnAJIbHbIX  yPABHEHHH  C  PA3PbIBAMH 

MaTpocoB  H.B. 

Lfeump  uccAedoeauuu  ycmouuueocmu  u  HejiuHeunou  Ouhomuku  npu  HMAUI  PAH, 

Mooted,  Poccuh 

B  ^OKjia^e  paccMaTpi-iBaeTca  KOHeuHOMepHaji  cucTeMa  ajire6po-,n,H4)4)epeHii,HajiBHBix  ypaBHeHHH  c  pa3pBiBaMii. 
B  TaKOM  Bi-me  MoryT  6bitb  npe^CTaBjieHBi  Hanpi-iMep,  salami  aHajiii3a  ^hhemhkh  ii  ciiHTe3a  ynpaBjieHiia  pjm 
MexaHiinecKiix  chctcm  npu  HajiHHHH  TpemiH  hjih  jioraiHecKiix  ajieMeHTOB  b  KOHType  ynpaBjieHiiH. 

Ajih  AOCTaTOHHO  miipoKoro  Kjiacca  paccMaTpiiBaeMBix  chctcm  bbo^iitch  o6m,ee  onpe^,ejieHiie  pemeHira  h  pac- 
CMaTpiiBaeTCH  Bonpoc  ero  cymecTBOBaHiia.  B  otjihhhh  ot  Teopini  pa3pemeHHBix  OTHOCiiTejiBHO  CTapmiix  npo- 
i'i3BO,a,HBix  ciiCTeM  ^iicjDcjjepeHpiiajiBHBix  ypaBHeHiiii,  b  paccMaTpiiBaeMOM  Kjiacce  CiiCTeM  cjreHOMeH  OTcyTCTBiia 
peineHiiH  BCTpeuaeTCn  uacTO.  AaiOTCSl  ycjiOBHH,  ,n,ocTaTOHHBie  .zpra  cymecTBOBaHiia  pemeHira  h  ^OKasBiBaeTCJi 
TeopeMa  cymecTBOBamisi  b  HeBBipo»c^i,eHHOM  cjiyuae. 

Ajih  pejieii  nocTpoeHiisi  ajiropiiTMa  npii6jiii>KeHiioro  pemeHiiH,  cucTeMa  npiiBO,a,iiTC5i  k  SKBiiBajieHTHoii  ch- 
CTeMe  paspbiBHBix  ^iKjwjjepeHquajiBHBix  ypaBHeHiiii,  ,n,aiOTCJi  ycjiOBiui  3KBiiBajieHTHOCTii  Taxoro  CBe^eHiia.  9to 
no3BOJuieT  TaK»ce  BBinucaTB  ycjiOBHH  npaBOCTopoiiHeii  e^HHCTBeHHOCTii  pemeHiisi  h  cxo,h,hmocth  HiicjieHHBix 
MeTO,II,OB. 


On  Existence  and  Uniqueness  for  Solutions  of 
Discontinuous  Systems  of  Algebraic-Differential  Equations 

Matrosov  I.V. 

Stability  and  Nonlinear  Dynamics  Research  Center  under  Blagonravov  Mechanical  Engineering  Institute 

of  Russian  Academy  of  Sciences,  Moscow,  Russia 

The  subject  of  this  presentation  is  a  finite-dimensional  system  of  algebraic-differential  equations.  Several  problems 
of  dynamical  analysis  and  control  synthesis  for  mechanical  systems  with  friction  or  logical  elements  in  the  control 
loop  can  be  represented  in  this  form. 

For  sufficiently  wide  class  of  the  systems  under  consideration,  the  general  definition  of  solution  is  introduced 
and  the  existence  problem  is  formulated.  In  contrast  with  the  theory  of  ordinary  differential  equations  the 
phenomenon  of  inexistence  here  appears  frequently.  The  sufficient  conditions  for  existence  are  introduced  and 
the  existence  theorem  is  proofed  for  nonsingular  case. 

For  the  purposes  of  constructing  an  algorithm  to  approximate  solution,  the  initial  system  is  reduced  to 
equivalent  resolved  on  higher  derivatives  discontinuous  system  of  ordinary  differential  equations.  The  equivalency 
conditions  for  such  reduction  are  given.  This  also  makes  it  possible  to  formulate  the  uniqueness  conditions  and 
to  investigate  the  convergence  of  a  numerical  approximation. 


HEJIHHEHHblE  ^HOOEPEHIfHAJIbHblE  yPABHEHHX  H  MX  IIPHJIOMEHHH 
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riAPbi  jtakca  no  kajtoa^kepo  ^jin  oahomephopo 
HEJIHHEHHOrO  OBOJIIOIJHOHHOrO  YPABHEHH5I 

Mockobckhx  A.C. 

MffCTV  CO  PAH ,  Poccuh 

0,h,hiim  H3  Haii6ojiee  3(J>4)eKTHBHBix  MeTO,n,OB  iiccjie^OBaHHH  h  pemeHira  HejiiiHeiiHBix  3bojiioii,hohhbix  ypaBHeHiiii 
(H9Y)  HBjiaeTCH  MeTO.ii,,  ochob aHHBiii  Ha  hx  npe^CTaBnemni  b  Bii/ty  ypaBHemisi  Jlaicca  h  nocTpoemiH  aHajiora 
MeTO,a,a  o6paTHOi"i  salami  paccenHiisi.  Haii6ojiee  cymecTBeHHBiM  h  HGTpriBi-iajiBHBiM  momchtom  3Toro  MeTO^a 
HBjiaeTCH  OTBiCKaHiie  napni  Jlaicca  .zyra  H9Y.  B  cbh3ii  c  stiim  B03Hi-iKaeT  npo6jieMa  npe^CTaBjieHHH  o6in,ero 
H9Y  c  n  npocTpaHCTBeHHBiMii  nepeMeHHBiMii  b  Bime  ypaBHemiH  Jlaicca.  npe^CTaBjieimaji  pa6oTa,  i-icnojiB3yH 
onpe^eneHiie  napbi  HaKca  H3  CTaTBi-i  [1],  ,n,aeT  nacTiiHHoe  pememie  3toi"i  npo6jieMBi,  Kor,n,a  H9Y  iiMeeT  o,n,Hy 
npocTpaHCTBeHHyio  nepeMeHHyio. 

Hcxo,a,H  H3  KOHCTpyKuyiri  napbi  JIaKca  no  Kajio^xepo  [1]  nojiyneHBi  Kjiaccni  o,n,HOMepHBix  HejnmeiiHBix  sbojiio- 
piiOHHBix  ypaBHeHiiii  TpeTBero  nopji^Ka,  pememiH  kotopbix  CBH3aHBi  o6o6m,eHHBiMii  npeo6pa30BaHHHMii  Mnypni 
ii  BeKjiyH,a,a.  hto  npoi-i3BOjiBHoe  o,n,HOMepHoe  HejniHeimoe  SBOJnoqiiOHHoe  ypaBHeHiie,  npe^CTaBHMoe 

b  cjjopMe  jiOKajiBHoro  3aKOHa  coxpaHemiH,  .npnycKaeT  nynoK  (HecneTHoe  mhoikbctbo)  nap  JlaKca  no  Kano^ncepo, 
3aBHCHiii,Hx  ot  HecKOJiBKiix  cneKTpajiBHBix  napaMeTpoB. 

JlmepaTypa 

[1]  Calogero  F.,  Nucci  M.C.  Lax  pairs  galore//  J.  Math.  Phys.  1991.  V.32,  Nsl.  P.72-74. 

[2]  Hbkojiji  A.  Cojihtohbi  b  MaTeMaTHKe  ii  <J)H3HKe.-M.:  Mnp,  1989.  324c. 

[3]  A6jiobiih,  M.,  Curyp  X.  Cojiiitohbi  h  MeTOfl  o6paTHOii  3aflann.-M.:  Miip,  1987.  480c. 

[4]  3axapoB  B.E.,  IHa6aT  A.B.  CxeMa  nHTerpupoBamis  HejiiiHeiiHbix  ypaBHeHiiii  MaTeMaTimecKoit  4>h3iikh  MeTOflOM 
oOpaTHoii  3aflanii  pacceaHHa/ /  <J>yHKii;iiOHajibHbiii  aHajiii3  h  ero  npujioiKeHiiH.  1974.  T.  8,  BBin.  3.  C.  43-53. 

[5]  PyflBix  P.A.  (L,A)-napbi  Jlaxca  fljia  o^HOMepHoro  HejiHHeiiHoro  SBOjuopHOHHoro  ypaBHeHiiii/ /  /Hokji.  PAH.  1997.  T. 
356,  m.  C.  19-21. 


Lax  Pairs  for  the  Calogero  Model  for  a  One-dimensional 
Nonlinear  Evolution  Equation 
Moskovskikh  A.S. 

Institute  for  System  Dynamics  and  Control  Theory  Siberian  Branch  of  Academy  of  Sciences  of  Russia,  Irkutsk 

A  problem  of  representation  of  a  general  nonlinear  evolution  equation  with  n  variables  in  terms  of  the  Lax 
equation  is  considered.  A  partial  solution  of  this  problem  is  found  for  the  case  of  one  spatial  variable. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


OB  YCJTOBMX  HAJIKHM  IIPE^EJIBHBIX  IJHKJIOB  H 
ABTOKOJIEEAHHH  RRR  HEJTHHEHHBIX  flHHAMHHECKHX  CHCTEM 
HEnPEPBIBHOrO  H  AHCKPETHOrO  THLIOB 

MyjiKM/i,>KaH  T.C. 

MocKoecKuu  eocydapcmeennuu  mexHunecKuil  ynueepcumem  um.  H.9.  BayMcma,  Poccuh 

B  ,n,OKjia,n,e  paccMaTpiiBaeTca  Bonpoc  06  ycjiOBiiax  HajiiimiH  npe,a,ejiBHBix  h,hxjiob  ii  aBTOxojiebaHiiii  b  HejiiiHeii- 
hbix  ,a,iiHaMiiHecKiix  cucTeMax  b  CMBicjie  Biipxrocjm  [1]  HenpepbiBHoro  h  .nyicxpeTHoro  ti-iiiob.  Jpin  nojiyuemiH 
yKa3aHHBix  ycjiOBiiii  ncnojiB30BaHO  noHHTiie  acHMnTOTHuecxoii  (f>a3Bi  [2,  3]  (xax  ^,jih  nepno,n,HHecxHx  Tpaex- 
Topnii,  Tax  h  rjih  MHOxcecTB  Henepiio,n,HHecxHx  TpaeKTopnii) ,  a  Taxace  noHsm-ie  c]3a30B0i"i  ac h  m i ttoth ' rec  xo h 
npoHHOCTi-i  nojiyTpaexTopiiii.  nojiyueHHBie  pe3yjiBTaTBi  6a3iipyx)TCH  Ha  ocjiabjiemiii  Tpe6oBamiH  06  aciiMnTO- 
TH'iecxoH  ycTOHHHBOCTH  h  3aMeHe  3Toro  Tpe6oBaHHH  MeHee  jxecTxiiM  Tpe6oBamieM  o  cjraaoBoii  ac h m i [rrorr h ' rec xo ii 
npoHHOCTii  nojiyTpaexTopiiii  ^HHaMH'iecxoH  cucTeMBi,  ncnojiB3yioiii,HM  jiiiHeimyio  penapaMeTpii3an,Hio  .gBinxe- 
hhh  no  nojiyTpaexTopiiii.  PaccMOTpeH  pjm  npiiMepoB,  HjijiK)CTpiipyioiii,iix  nojiyneHHBie  pe3yjiBTaTBi.  HacTOHin,aH 
pa6oTa  aBjiaeTca  npo^ojiacemieM  pa6oT  [3,  4]. 

JlHTepaTypa 

[1]  HeMbipKiiii  B.B.,  CTenaHOB  B.B.  KaaecTBeHHaa  Teopira  flHctctepeHiuiajibHbix  ypaBHemiii.  M.:  FocTexH3flaT,  1949. 

[2]  T^eMHflOBiia  B.n.  JlexpHH  no  MaTeMaTiraecKoii  Teopira  ycTOimuBOCTn.  M.:  Hayxa,  1967. 

[3]  /IpyjKHHHHa  O.B.,  IIIecTaKOB  A. A.  O  iiohsthsx  opSiiTajibHoii  ycToiiHHBOCTH  n  <t>a30B0ii  ycTOiiuiiBOCTii  ABirsceiniii 
flHHaMnnecKOH  cncTeMBi  / /  .ZI.OKjiaflbi  PAH.  1997.  T.  355.  Xs  3.  C.  339  -  341. 

[4]  ^JpyjKHHiiHa  O.B.,  MyjixippKaH  T.C.  O  cymecTBOBaHiin  npe/iejibHBix  ii,hkjiob  ii  aBTOKOjie6aHiiii  b  HejuiHeiiHBix  flima- 
MiinecKiix  cncTeMax  //  ^oxjiaflBi  PAH.  2006.  T.  409.  Ns  3.  C.  328  -  332. 


On  Conditions  of  Existence  of  Limit  Cycles  and  Auto-oscillations  for  Nonlinear 
Dynamical  Systems  of  Continuous  and  Discrete  Types 

Mulkidzhan  T.S. 

N.E.  Bauman  Moscow  State  Technical  University,  Russia 


The  question  about  conditions  of  existence  of  limit  cycles  and  auto-oscillations  for  nonlinear  dynamical  systems 
of  continuous  and  discrete  types  is  considered.  For  obtaining  these  conditions  the  notion  of  asymptotic  phase 
and  Zhukovskij  stability  of  trajectory. 


HEJIMHEMHblE  JJH Q OEPEHI^HA  Jib HblE  yPABHEHHH  H  MX  IIPHJIOMEHHX 
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HAHAJIbHO-KPAEBblE  H  HEJlOKAJlbHblE  KPAEBblE  3A^AHH  RJISL 
OAHOH  CHCTEMbI  rHnEPBOJIHHECKHX  yPABHEHMH  H 
HEJlOKAJlbHOE  yPABHEHHE  C  HHBOJIIOTHBHO 
OTKJIOHHIOIBHMHCH  APryMEHTAMH 

OropO/],HHKOB  E.H. 

CaMapcKuu  eocydapcmeennuu  mexHUHecKuu  ynueepcumem,  Poccuh 


Bjnnmiie  cneKTpa  MaTpimHBix  K03(J)4)im,iieHT0B  npii  Mjia,n,miix  npoii3BO,n,HBix  Ha  KoppeKTHOCTB  nocTaHOBOK 
KjiacciiHecKHx  HanajiBHO-KpaeBBix  3a,n,aH  ,h,jih  cucTeM  BBipojK^aiomiixcH  rHnep6ojiiiHecKiix  ypaBHeHiifi  HBjiaeTCH 
xopomo  H3BeCTHBIM  (JjaKTOM. 

B  pa6oTe  paccMaTpiiBaeTCH  cucTeMa  ,n,Byx  ninep6ojiiiHecKHx  ypaBHeHim 

y2uxx  -  x2uyy  +  A(xux  -  yuy)  =  0,  u(x ,  y)  =  (u1,u2)T,  (1) 

c  riHBOJHOTHBHOH  MaTpim,efi  A[ 2  x  2]  b  o6jiacTH  Cl,  orpaHHHeHiioii  OTpe3KOM  [0, 1]  jihhhh  BBipouygeHiisi  y  =  0  n 
xapaKTepiiCTHKaMri  £  =  x2  —  y2  =  0  ii  y  =  x2  +  y2  =  1. 

IIoKasaHO,  hto  rjisi  CHCTeMM  ypaBHeHiifi  (1)  KoppeKTHa  3a,n,aHa  Kohiii  b  KjiacciiHecKOH  nocTaHOBKe 

u(x,0)  =  t(x),  a;  €  [0, 1] ,  (2) 

lim  uv(x,y)  =  v(x),  (0,1),  (3) 

y^+ o 

h  ee  pemeHne  nojiyneHO  b  hbhom  Bn^e. 

IlycTB  9q(x)  =  (^;  0i(x)  =  PaccMOTpHM  ycjiOBira: 

u(0o(a:))  =  ip( x),  x  G  [0, 1],  (4) 

u{0i{x))  =  tp(x),  x  G  [0, 1].  (5) 

Mohcho  noKa3aTB,  hto  ^jih  cucTeMBi  ypaBHeHiifi  (1)  b  sa^anax  Komi-i-rypca  c  ^aHHBiMii  (3),  (4)  h  (3),  (5) 
OTcyTCTByeT  e^imcTBeimocTB  pemeHiiH. 

B  pa6oTe  o6ocHOBaHa  KoppeKTHOCTB  3a,n,aH  flp,p6y  c  ycjiOBHHMii  (2),  (4)  h  (2),  (5),  h  HejiOKajiBHBix  aHajioroB 
3a^aH  Komii-rypca  h  fl,&p6y  c  ycjiOBHHMii  Tima  Bim,a^i,3e-CaMapcKoro 


A{x)u(0i{x))  =  B{x)u(x,  0)  +  C(x)  lim  uy(x,y)  +  c(x),  i  =  0,1, 

v — >+o 

hjih  HaxymeBa 


A(x)u(9q(x))  +  B(x)u(9 i(x))  =  H{x)u{x,  0)  +  K(x )  lim  uv(x,y)  +  c(x), 

!/-»■+ 0 


r^e  c(x)  —  3a,H,aHHaji  BeKTop-cJjyHKuyiH,  A(x),  B{x),  C(x),  H{x),  K(x)  —  H3BecTHBie  cjiyHKuyiOHajiBHBie  MaTpu- 
Hhi,  hjih  MaTpim,Bi  HHTerpo^iKjxjDepeHpuajiBHBix  onepaTopoB  Tima  9p,n,efm-Ko6epa,  hjih  onepaTopoB  /ipo6Horo 
HHTerpo^iKjwJiepeHpHpoBaHHH  cjiyHKijjiH  no  ^pyrofi  cJjyHKnini. 

Bo  Bcex  cjiynanx  nojiyneHBi  HBHBie  BBipanceHiisi  ,h,jih  Heii3BecTHBix  b  npe^CTaBjieHim  pemenim  salami  Komu 
BeKTop-ejiyHKpHH  Hepe3  <J>yHKH,HH,  3a^aHHBie  ycjiOBHHMii  cooTBeTCTByiomiix  HejiOKajiBHBix  KpaeBBix  3a,n,aH.  I4x 
KoppeKTHOCTB  HBJIHeTCH  CJie,H,CTBHeM  KOppeKTHOCTI-I  salami  Koiiih. 

Pe3yjiBTaTBi  ncnojiB3yiOTCH  ^jih  o6ocHOBaHHH  KoppeKTHOCTii  naHajiBHBix  h  nanajiBHO-KpaeBBix  3a,n,aH  ,h,jih 
ypaBHeHiiH 


(2d2  2&2\ 

[y  w) 


u(x,  y) 


d  d  , 

xdi~vai  I =  0. 


co^,epjKaiii,ero  iihbojhothbhbih  qgBiir  no  o6eiiM  nepeMeHHMM  b  Mjia^mux  npoii3BO,n,HBix  hckomoii  cjiyHKuym. 


Local  and  Non-Local  Boundary  Value  Problems  for  a  System  of  Hyperbolic  Type 
Equations  and  Non-Local  Equation  with  Involutivly  Transformed  Arguments 

Ogorodnikov  E.N. 

Samara  State  Technical  University,  Russia 

In  this  paper,  for  some  systems  of  degenerate  hyperbolic  type  equations  in  case  of  loosing  the  uniqueness  of 
the  solution  in  Cauchy-Goursat  problem,  it  is  proved  that  the  Darboux  problem  and  non-local  problem  with 
Bitsadse-Samarsky  and  Nakhushev  conditions  are  correctly  defined.  The  result  of  this  investigation  is  applied 
to  studying  the  boundary  value  problems  for  some  non-local  equations  with  involutivly  transformed  arguments. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


PA3BHTHE  METO^A  CPABHEHHH  B  3AAAHE  OB  yCTOHHHBOCTH 
OyHKLtHOHAJIbHO-AHOOEPEHttnAJIBHOrO  YPABHEHM 

IleperyflOBa  O.A. 

yjibttHoecKuu  socydapcmeeHHUu  ynueepcumem,  Poccuh 

B  ^OKjia^e  paccMaTpiiBaeTCH  3a/i,aHa  06  yctohhhbocth  cjayHKpiiOHajiBHO-^iicjacjaepeHpiiajiBHBix  ypaBHeHHit  3a- 
na3,a,BiBaiomero  Tima  c  KOHeuHBiM  3ana3,a,BiBaHiieM  no  BceM  h  no  nacTi-i  nepeMeHHBix. 

PasBHTne  MeTO,n,a  <f>yHKii,HH  JlanyHOBa  b  3a,n,ane  ycTOimiiBOCTii  cjDyHKpnoHajiBHO-flncjacjaepeHpnajiBHBix  ypaB- 
HeHiin  3ana3,n,BiBaiomero  Tima  6bijio  ocymecTBjieHO  b  iiecKOJiBKiix  HanpaBjieHiiax:  c  i-icnojiB30BaHi-ieM  MeTO/i,a 
npe,n,ejiBHBix  cf>yHKii,im  n  ypaBHemm  [1],  hto  no3BOJiiuio  ji0Kaim30BaTB  nonoxa-iTejiBHoe  npe/jejiBHoe  mho^kbctbo 
pememin  n  nccjie^OBaTB  Ha  stoii  ocHOBe  npe,n,ejiBHBie  CBoiicTBa  pememiH  Tamix  ypaBHeHiiii;  c  iipiiMeHemieM 
MeTO,n,a  cpaBHemiH  [2],  hto  npiiBejio  k  bo3mo>khocth  CBecTii  nsynenne  //iKfxirepeHi/HajiBHBix  ypaBHeHiiii  c  3a- 
na3,n,BiBaHHeM  k  H3yueHHio  cooTBeTCTByiomero  o6BiKHOBeHHoro  //iKfxijepeHi/iiajiBHoro  ypaBHemra  (ypaBHemiH 
cpaBHemni) . 

ITpHMeHeHHe  MeTO^a  npe,n,ejiBHBix  ypaBHeHiiii  no3BOjnieT  ocjiabiiTB  TpeboBamiH  k  ypaBHemiio  cpaBHeHira, 
HanpiiMep,  /pm  ycTaHOBjieHira  aciiMnTOTimecKOH  ycTOimiiBOCTii  HyjieBoro  peirremm  hcxo/i,hoh  cucTeMBi  imor/ta 
//ocTaTOHHO  noTpe6oBaTB,  hto6bi  HyjieBoe  pemeHiie  ypaBHeHim  cpaBHemisi  6bijio  ycTOimiiBO  (He  o6n3aTejiBHO 
acHMnTOTHHecKi-i) .  Ha  3toi"i  ocHOBe  nojiyueHBi  //ocTaTOHHBie  ycjiOBim  aciiMnTOTimecKOH  ycTOimiiBOCTii  pemeHim 
ciiCTeM  nepBoro,  BToporo  h  n—ro  nopa/i/coB. 

PaSoTa  BBinojiHeHa  npn  cjumaHCOBOii  no/mep>KKe  POOH  (npoeKT  N205-0 1-00765)  h  b  paMKax  nporpaMMBi 
«rocy/i,apcTBeHHaH  no/mep>KKa  Be/iyiuiix  HayuHBix  mKOJi»  (HHI-6667. 2006.1). 

JlHTepaiypa 

[1]  AH/IpeeB  A.C.  06  yCTOHHHBOCTH  HeaBTOHOMHOrO  (hyHKUHOHajIBHO  flH<h<i)ePeHUIiajIbHOro  ypaBHeHHH  //  HOK'naflbI 

PAH.  1997.  T.356.  m.  C.151  -153. 

[2]  JlaKinMHKaHTaM  B.,  Jliuia  C.,  MapTBiHiOK  A. A.  ycToiruiiBOCTb  //BJOKeinis:  MeTO//  cpaBHemia.  KueB:  HayKOBa  /iyMKa, 
1991.  248  c. 

Development  of  the  Comparison  Method  in  the  Stability  Problem  for  a 

Functional-Differential  Equation 

Peregudova  O.A. 

Ulianovsk  State  University,  Russia 

In  the  report  the  stability  problem  for  functional-differential  equations  of  retarded  type  with  finite  delay  is 
considered.  New  results  on  asymptotic  stability  of  the  equations  are  obtained.  The  problem  is  solved  by  con¬ 
structing  the  Liapunov  function  and  by  use  of  the  comparison  method  and  the  method  of  limiting  equations. 
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rAPAHTHPOBAHHblH  METOA  OIIPE^EJIEHHH  YCTOHHHBOCTH 
HA  KOHEHHOM  HHTEPBAJIE  BPEMEHH 

Porajies  A.H. 

HHcmumym  euuucjiumeAbHoso  Modejiupoeanuti  CO  PAH,  KpacnoapcK,  Poccuh 

riepBbie  nocTaHOBKii  3apau  06  yctohhhbocth  Ha  kohchhom  npoMencyTKe  BpeMemi  npimapjie:>KaT  HeTaeBy  H.F., 
MonceeBy  HA-)  repMaupae  B.  h  KpacoBCKOMy  H.H.,  KaMeHKOBy  T.B.  Ohh  uccjiepoBaHBi  b  iix  paboTax  h  nojiy- 
hitjih  papBHeimiee  pa3BHTi-ie  rcax  Teopiia  npaKTHuecKoft  hjih  TexHiiuecKOH  ycTOHHHBOCTii  Ha  kohchhom  iiHTep- 
Bajie  BpeMemi.  npaKTiiuecKaji  ycTOiimiBOCTB  03HauaeT  paBHOMepHyio  orpaHHueimocTB  pernem-iii  OTHOCiiTejiB- 
ho  MHO»cecTBa  HanajiBHBix  aHa'iemm  Q0  h  coBOxynHOCTH  P  B03Myipai0Hi,Hx  B03peHCTBHH.  npaKTHuecKoft 

ycTOHHHBOCTii  Tpe6yeTCH  He  tojibko  cyrpecTBOBaHiie  orpaHiiuiiBaiomeH  hoctohhhoh  pjra  pernem-iii,  ho  ii  hto6bi 
3Ta  nocTOHHHaa  i-mejia  3HaHeHira,  pocTaTOHHBie  pjra  Toro,  hto6bi  pemeHiia,  HammaioipHecii  b  MHOxecTBe  Q o, 
Bee  BpeMH  ocTaBajincB  b  Q.  B  poxpape  onucaHO  npiiMeHemie  rapaHTiipoBaHHBix  rpaHim,  MHoacecTB  pemeHiiii 
pjra  iiccjie^OBaHHH  npaKTHuecKoft  ycTOHHHBOCTii.  9th  rpaHiipBi  pemeHiiii  bbihiicjihiotch  npn  noMom,n  rapaHTi-i- 
poBaHHBix  MeTopoB,  ocHOBaHHBix  Ha  annpoKCHMapi-iH  onepaTopa  cpBiira  bpojib  TpaeKTopiiii  [l]-[5]  h  ymiTBmaiOT 
BjiHHHHe  Ha  pemeHim  nocTOsumo  peiicTByioipHx  B03MyipeHHH.  06ecnemiBaeTCJi  bo3mojkhoctb  cjropMyjuipoBaTB 
m arre m ar  h  '  i  ec  k  h  CTporae  pe3yjiBTaTBi,  Kacaioipiiecji  iipaKTii'iecKOH  ycToilHiiBOCTii,  pjra  pocTaTOHHO  miipoKiix 
KjiaccoB  3apau. 

JlHTepaiypa 

[1]  Hobhkob  B.A.,  PorajieB  A.H.  nocTpoemie  cxopsmpixcH  Bepxmix  hhh/Khmx  opeHOK  pemeHiiii  CHCTeM  o6BiKHOBeHHbix 
piic)x|3epeHpiiajibHbix  ypaBHemiii/ /  >KypHaji  BbiHiicjiiiTejibHoii  MaTeMaTiiKii  h  MaTeMaTHuecKoii  ®h3hkii.  1993.  T.33 
N®  2.  C.  219-231. 

[2]  PorajieB  A.H.  3apami  npaKTHHecicoii  (iiHTepBajibHoii)  ycToimiiBOCTH  c  3apaHHOii  o6jiacTbio  npepejibHbix  OTKjiOHemiH. 
Tpypbi  naToii  MeiKpyHapopHOHKOHcbepeHpHii  naMara  aicapeMiiKa  A.n.  EprnoBa.-  Hoboch6iipck:  HCH  CO  PAH,  2003. 
-  C.  90-100. 

[3]  PorajieB  A.H.  rapaHTiipoBamibie  MeTopbi  pememis  cucTeM  oObiKHOBemibix  pii4>4)epeHn,najibHbix  ypaBHemiii  Ha  ocHOBe 
npeo6pa30BaHiia  ciiMBOjibHbix  4>opMyji  //  BbimicjiiiTejibHbie  TexHOJionm.  —  2003.  t.  8.  N®5.  —  C.  102-116. 

[4]  PorajieB  A.H.  MeTopbi  onpepejieHira  Bepxmix  ii  hhjkhiix  opeHOK  pemeHiiii  pHcJxJiepeHpHajibHbix  ypaBHeHiiii  n  iix 
npiiMeHeHiie/ /  Tpypbi  MencpyHapopHOii  KOHcjiepeHpiiii  no  BbiHHCjiHTejibHoii  MaTeManiKe  MKBM-2004./  nop  pepaKpiieii 
MiixaiijiOBa  T.A.,  Hjibima  B.n.,  JIaeBCKoro  K3.E.  — Hoboch6hpck:  HBM  ii  Mr  CO  PAH.  —  2004,  h.2.  —  C.  614-620. 

[5]  PorajieB  A.H.  rapaHTiipoBaHHbie  rpamipbi  pemeHiiii  piKjicJiepeHpHajibHbix  ypaBHeHHii  / /  Thxohob  ii  coBpeMemiaH 
MaTeMaTiiKa:  BbiHHCjiHTejibHaH  MaieMaraKa  ii  imthopMaTiiKa:  MempyHapopHan  KOHcJiepeHpiiH,  MocKBa  Mry  mm.  M.B. 
JloMOHOCOBa,  PocciiiiCKaa  AicapeMiiH  HayK./  OaKyjibTeT  BMiiK  MPY  mm.  M.B.  JloMOHOCOBa —  MocKBa:  H3paTejibCKiiii 
OTpeji  cjiaKyjibTeTa  BMiiK  Mry  mm.  M.B.  JloMOHOCOBa. —  2006. — C.  100-103. 


Study  of  Stability  on  a  Finite  Time  Interval  by  the  Guaranteed  Method 

Rogalyov  A.N. 

Institute  of  computing  modelling,  Siberian  Branch  of  the  Russian  Academy  of  Science,  Krasnoyarsk,  Russia 

Application  of  guaranteed  bounds  of  solution  sets  for  the  investigation  of  practical  stability  is  described.  These 
solution  bounds  are  computed  by  means  of  the  guaranteed  methods  based  on  the  approximation  of  the  operator 
of  shift  along  a  trajectory  [l]-[5]  and  take  into  account  influence  of  permanent  perturbations  on  the  solution. 
The  possibility  to  formulate  the  mathematical  rigorous  results  concerning  practical  stability  for  enough  wide 
classes  of  problems  is  provided. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


CyiHECTBOBAHHE  H  E^HHCTBEHHOCTb  KJIACCHHECKOrO 
PEIHEHM  HEJIHHEHHOH  HEJIOKAJIbHOH  KPAEBOH 
3AAAHH  <PH3HKH  nJTA3MbI 

Pyzjtix  r.A. 

HHcmumym  dunaMunu  cucmeM  u  meopuu  ynpaeAenun  CO  PAH,  HpnymcK,  Poccuh 

MeTO,n,aMH  Hejiimeimoro  aHajiiraa,  ocHOBaHHBiMH  Ha  Teoprai  mohotohhlix  onepaTopoB  b  uacTHUHO  ynopjmoueH- 
hbix  npocTpaHCTBax  pjisi  cjiynaa  napHBix  Heno,a,BH>KHBix  Touex  h  b  coueTaHHH  c  TexHHxoft  BepxHiix  h  hhjkhhx 
pernem-iii,  H3yuaK)TCH  CBoiicTBa  CTapiiOHapHBix  pernem-iii  HanajiBHO-KpaeBOH  3a,n,aHH  pjm  HejiiiHeimoro  HejioxajiB- 
Horo  napa6ojiiiHecKoro  ypaBHemia  BToporo  nopsmxa  c  HeaBHBiM  BBipojx^eHiieM.  AaHHOe  HHTerpoflH<JxJ)epeHii,H- 
ajiBHoe  ypaBHeHiie  B03HiixaeT  npn  MaTeMaTiiuecxoM  MO^ejnipoBaHiiH  ,zi,H<J)<J)y3HH  orpaHHueHHoii  Topoi-majiBHoti 
njia3MBi  nonepex  MarmiTHoro  nojia  h  ee  paBHOBecHBix  xoHcjDiirypapiiii.  3a,a,aHa  o  CTa6njrn3annn  HecTapiiOHapHBix 
pemeHiiii  x  CTauyiOHapHBiM  CBe^eHa  x  HCCJie,n,OBaHHio  paspenniMOCTi-i  HejiHHeimoft  xpaeBoti  salami  c  HejioxajiB- 
HhiMH  (i-iHTerpajiBHBiMi-i)  onepaTopaMii.  IIojiyHeHBi  ,nocTaTOHHBie  ycjiOBHH  Ha  napaMeTpni  H3yHaeMOi"i  iiHTerpo- 
flH<J)4)epeHH,HajiBHOH  xpaeBoii  salami,  o6ecneHHBaK>m,He  cymecTBOBamie  h  e,a,HHCTBeHHOCTB  ee  xjiacciiHecxoro 
pemeHHH,  pjisl  xoToporo  xoHCTpyxTHBHO  nocTpoeHa  o6jiacTB  npnTJDxeHHH. 


Existence  and  Uniqueness  of  the  Classical  Solutions  to  a  Nonlinear  Nonlocal 
Boundary  Value  Problem  of  Plasma  Physics 

Rudykh  G.A. 

Institute  for  System  Dynamics  and  Control  Theory  Siberian  Branch  of  Academy  of  Sciences  of  Russia,  Irkutsk 

By  methods  of  the  nonlinear  analysis,  the  solubility  of  the  boundary  problem  with  nonlocal  (integral)  operators 
is  studied.  Such  a  kind  of  problems  appear  in  mathematical  modeling  of  the  diffusion  of  the  confined  plasma 
through  magnetic  field  and  investigation  of  its  equilibrium  state  in  the  installations  of  the  tokamak  type. 
Sufficient  conditions  on  parameters  of  boundary  problem  under  consideration  which  provide  the  existence 
and  uniqueness  of  classical  stationary  solution  are  obtained.  For  obtained  stationary  solution,  the  domain  of 
attraction  is  constructed. 
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BAPHAi^HOHHbiE  riPHHijHnbi  n  iipeoepasobahhh  ypABHEHnn 

CaBHHH  B.M. 

Poccuuckuu  ynueepcumem  dpy:ytc6u  napodoe,  Mooted,  Poccuh 

IlycTb  3a^aHO  ypaBHemie 

N(u)  =0,  u€  D(N),  (1) 

iyje  D(N)  —  o6jiacTb  onpe,a,ejieHiiH  onepaTopa  N  :  D(N)  C  U  — >  V;  U,V  —  jiimeimbie  HopMi-ipoB aHHbie 
npocTpaHCTBa  Ha,n,  nojieM  ^eiicTBiiTejibHbix  Hiiceji  R. 

IlycTb  S  :  D(S)  C  V  — >  D(N)  —  o6paTHMbiit  onepaTop,  oiipe^ejruioiuHH  npeo6pa30BaHiie 

u  =  S(v).  (2) 

IIpe^nojiaraeTCH,  hto  paccMaTpiiBaeMbie  onepaTopbi  HMeiOT  npoii3BO,a,Hbie  TaTO. 

Byn,eM  cjie^OBaTb  TepMHHOJiorHH  pa6oTbi  [1], 

Ecjiii  N  —  onepaTop,  noTeHpuajibHbiH  OTHOCiiTejibHO  Bbi6paHHOi"i  HenpepbiBHoii  6hjihh6hhoh  cjropMbi  <  ■,  •  >: 
V  x  U  — >  R,  to  onepaTop 

N(v)  =  N(S(v)),  (3) 

BOo6m,e  roBopH,  He  HBjuieTCJi  noTeHpiiajibHbiM. 

Onpe/i,ejieHHe.  npeo6pa30BaHiie  (2)  na3biBaeTCH  noTeHpuajibHbiM,  ecjiii  oho  nepeBO,n,HT  noTeHpiiajibHbiH 
onepaTop  N  (1)  b  noTeHpiiajibHbiH  onepaTop  N  (3). 

06o3HanHM  nepe3  N'u,  S'u  —  npoH3BO,n,Hbie  FaTO,  cooTBeTCTBeHHO,  onepaTopoB  N,  S  b  Tonne  u,  S "*  —  one¬ 
paTop,  conpHxeHHbiii  onepaTopy  S'u . 

Byn,eM  CHHTaTb,  hto  D{N )  —  o^,HOCBJi3Haji  o6jiacTb. 

TeopeMa.  IIpeo6pa306aHue  (2)  sie.tinemcsi  nomeHV,ua.m>HUM  mozda  u  mojibKO  mozda,  Kozda 

N's{v)s'v  =  s';n's{v)  \/v  G  D(S). 

OcHOBbiBaacb  na  BapnapiioiiHOM  npirapime,  pa3BHBaeTCH  aHajior  Teopmi  KaHOHiinecKiix  npeobpaaoBaHiiii 
Pjisl  3BOJiiOH,HOHHbix  ypaBHeHiiii  Bii^a  P(t,u)ut  —  Q(t,u)  =  0,  ryje  P  —  jiHHeimbift,  a  Q  —  b  o6m,eM  cjiyuae 
HejiHHeHHbiii  onepaTop. 

PaSoTa  BbinojiHeHa  npn  cjnmaHCOBOH  noAn,ep>KKe  POOH  (rpaHT  Ne  06.01.04006-HHHO). 
JlHTepaiypa 

[1]  CaenuH  B.  M.  MaTeMaTiiuecKiie  MeTOflbi  MexamiKH  6ecKOHeHHOMepHbix  HenoTeHpuajibHbix  CHCTeM.  M.:  H3fl-BO 
PY^H  (1991). 


Variational  Principles  and  Transformations  of  Equations 

Savchin  V.M. 

Peoples  ’  Friendship  University  of  Russia,  Moscow 

The  notion  of  potential  transformations  is  introduced  in  the  present  paper.  Then,  based  on  variational  principles, 
an  analogue  of  canonical  transformations  is  developed  for  a  wide  class  of  evolutionary  operator  equations. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


O  PEIHEHHHX  OAHOrO  THIIA  CHHryMPHbIX  HHTErPO- 
AHO®EPEHu;nAJibHbix  ypABHEHnn 

CaMoftjiOBa  3.H. 

Poccuuckuu  ynueepcumem  dpyotcUu  napodoe,  Mocnea,  Poccuh 

PaccMaTpHBaeTca  CHHryjiapHoe  HHTerpo^nc^c^epeHi^najibHoe  ypaBHeHne 

1 

Ap  =  ip'(t)  +  a(t)ip(t)  +  —  f  v(.T)dJ  =  -1  <  t  <  1,  (1) 

7 T  J  T~t 
-1 

c  HanajibHbiM  ycjiOBneM 

¥>(-1)  =  0,  (2) 

r^e  a(t),  b(t),  f(t)  —  naBecTHBie  cJjyHKHHH  na  cerMeHTe  [—1, 1],  a  <p(t)  —  iiCKOMaa  (JjyHKHHH,  npn'ieM  CHHryjrap- 
HhiH  HHTerpaji  noHHMaeTCH  b  CMbicjie  rjiaBHoro  3HaneHHH  no  KoniH-JIe6ery. 

ITpiiBe^eM  npocTBie  flOCTaTOUHbie  ycjiOBiin  cyiuecTBOBaHiin  h  e^HHCTBeriHOCTH  pen  re  huh  sa/tann  (1)— (2)  b 
napax  cjjyHKpnoHajiBHBix  npocTpaHCTB  (C,1[— 1, 1];  C[—  1, 1])  h  (W.j  [— 1. 1];  L2[— 1, 1]). 

TeopeMa  1.  Ilycmb  a(t),  f(t)  G  L2[—l,  1]  u  b{t)  €  C,  a  qi  =  \/2{||a||z,2  +  ||fo||c}  <  1- 

Tozda  3adaua  (1)— (2)  uMeem  eduncmeennoe  pememie  p*  G  W2  npu  .aw6ou  npaeou  uacmu  fit)  G  L2  u 


II  *11  ll/ll-Z/2 

\\V  llw,1  <  i - • 

/2 

TeopeMa  2.  Ilycmb  aft)  G  L2[— 1,1],  b(t)  G  C  u  q2  =  —  •  ||&||c  •  e^a^2  <  1. 

7T 

Tozda  3adaua  (l)-(2)  UMeem  eduncmeennoe  pemenue  ip*  G  W\  npu  jito6ou  npaeou  uacmu  f(t)  G  L2  u 

p  II  all  L 2 

IMI^<ll/lk7 - • 

1  -  q-2 

IIojiyneHiie  pe3yjn>TaTOB,  aHajiornnHBix  TeoperuaM  1  h  2,  b  nape  npocTpaHCTB  C 1,C  Tpe6yeT  BBinojiHemiH 
6ojiee  jKecTKHx  ycjiOBnft  OTHOCHTejiBHO  KOsrfxJnmHeHTOB  ypaBHemiH  (1).  9to  bh^ho  xoth  6bi  h3  cjie,n,yioiii,Hx 
,a,Byx  TeopeM 

TeopeMa  3.  Ilycmb  a(t)  G  C  u  b(t)  G  Lipa( 0  <  a  <  1),  a  6(+l)  =  0.  Ec.au 

g3  =  2|||a||c+i(||6||c+||6i||c)}<l, 


zde  b\(t)  =  bit. )  ln(l  —  t),  mo  3adaua  (l)-(2)  UMeem  eduncmeennoe  pemenue  p*  G  C 1  npu  .awdou  npaeou  uacmu 
f(t)eC  u\\y>*\\Ci  < 


1  -  93 

TeopeMa  4.  Ilycmb  aft)  G  C  u  bit)  G  Lipa( 0  <  a  <  1),  a  b(+ 1)  =  0.  Ecjiu 


94  =  -(||6||c+||6i||c)ell“ll°<l, 


mo  3adaua  (1)— (2)  UMeem  eduncmeennoe  pemenue  p*  G  C 1  npu  .am6ou  npaeou  uacmu  fit)  G  C,  npuueM 
glMIc 

\\p*\\ci<\\f\\c-, - . 


Solutions  for  One  Kind  of  Singular  Integrodifferentional  Equations 

Samoilova  E.N. 

Russian  People’s  Friendship  university,  Moscow,  Russia 

This  report  comprises  sufficient  conditions  of  existence  and  singularity  of  solution  for  the  Cauchy  problem  for  a 
singular  integrodifferentional  equation.  Four  theorems  have  been  proved  in  the  pares  of  functional  areas  ( C' ;  C) 
and  {W2,L2). 
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KJIACCHMKAIJHH  ^-PACIHHPEHHH 
KBA3HnEPnOAHHECKHX  nOTOKOB 

CaxapoB  A.H. 

HucHcedopodcnaa  zocydapcmeennaH  ceAbCK0X03nucmeeHHaH  anadeMUJi,  Poccuh 

S'1-pacniiipeHiieM  KBa3iinepHO,n,HHecKoro  noTOKa  Ha  Tope  Ha3BiBaeTCH  noTOK  :  {ip,  8)  — »  {<pt,  F^{9))  Ha  pac- 
cjioeHiiii  Tm  x  S1,  nopojK^aeMBiii  CHCTeMofi 

V  =  u,  0  =  f{<p,0),  (<p,  0)  G  Tm  x  S1,  (1) 

r^e  f{p,  9)  —  rjia,a,KaH  nepno^iiHecKaH  no  ip  h  6  (JjyHKpiiH,  ui  —  BeKTop  c  papiiOHajiBHO  h e 3 a b h c h m bi m h  KOMno- 
HeHTaMH,  a  OTo6pa»ceHHe  cjioh  F^{9)  HBjiaeTCH  coxpaHsnomiiM  opiieHTapi-no  i’OMeoMop(].)H3MOM  OKpyjKHOCTH  ppm 
jiro6oro  t  £  R.  PaccMaTpiiBaeTCH  3a^,ana  o  k j r ac: c h cjj h Ka n h h  Tamix  nOTOKOB  OTHOCHTejiBHO  hohhthh  hocjiohhoh 

COnpjDKeHHOCTH. 

ITotok  F 4  HMeeT  HHBapriaHT  —  hiicjio  BpamemiH  cjioh  p  [1]  ,[2] ,  noaTOMy  Bee  TpaeKTopnii  noTOKa  HMeiOT 
o,a,HHaKOBoe  acriMnTOTrmecKoe  HanpaBjieHiie:  ( ui,p ).  BygeM  na3BiBaTB  noTOK  pezyjinpHUM,  ecjin  ero  no^HHTHe 
F 4  Ha  ym-iBepcajiBHoe  HaKpuiTiie  o6jia,n,aeT  cboiictbom:  cyipecTByeT  nocTOHHHaa  C  >  0  Tanaa,  hto 

\F^9)-e-pt\  <  c,  ten,  (2) 

ppm  jik>6bix  {ip,  9)  £  Rm+1.  r eo m errp h t i ec k h  sto  03HanaeT,  hto  TpaeKTopua  F^{9)  HMeeT  KOHeuHoe  OTKjiOHemie 
ot  coacriMnTOTHHecKOH  reo,a,e3HHecKOH.  IIoKasBiBaeTCH,  hto  h3  cymecTBOBaHiia  o,h,hoh  peryjnipHOH  TpaeKTopnii 
cjie^yeT  perymipHOCTB  Bcex  ocTajiBHBix. 

TeopeMa.  IJycrm>  nomoK  Fl  —  peey.asipeH.  Ecau  eenmop  {u>,p)  UMeem  payuoHa.auHO  He3aeucu.uue  na  no.ae 
Q  KOMnonenmu,  mo  nomoK  noAyconpAOKen  AuneuHOMy  nomoKy  na  m  +  1-MepnoM  mope 

p  =  to,  9  =  p. 

B  npomuenoM  CAyuae  nomoK  u.ueem  MunuMaAtnoe  MHocncecmeo,  ne  coenadawm^ee  c  Tm  x  S'1 . 

Ec.au  nomoK  ne  Ae.aAemcA  pezyAnpHUM,  mo  oh  monoAOZuuecKu  mpaH3umueeH. 

CucTeMBi  Bi-ma  (1)  B03HHKaiOT  b  pe3yjiBTaTe  TpHaHryjnm,HH  jiiiHeiiHBix  pacirrupeHUH  KBaaiinepno^HHecKiix 
nOTOKOB 

p  =  to,  x  =  A(tp)x. 

B  3tom  cjiynae  nojiyconpHHceHHOCTB  b  cjjopMyjnipoBKe  TeopeMBi  mohcho  3aMeHHTB  conpHxeHHOCTBio  (oTcyT- 
CTByiOT  MHHHMajiBHBie  MHO»cecTBa  ,U,aH>Kya)-  9to  Ha6jiK),a,eHHe  no3BOJiaeT  .gOKaaaTB  yTBepjK^emie  o  tom,  hto 
peryjiapHOCTB  ci-iCTeMBi  aKBimaneHTHa  ee  npueoduMocmu. 

Abtop  6jiaro^3,apiiT  POOH  (rpaHT  05-01-00501)  3a  (JumaHCOByio  no,zmep}KKy. 

JlHTepaiypa 

[1]  Johnson  R.A,  Moser  J.  The  rotation  number  for  almost  periodic  potentials  //  Comm.  Math.  Phys.  1983.  V.  84.  n.  3. 
P.  403-435. 

[2]  BepeMemoK  B.B.  Cyrpecmeoeanue  hucao  epaipeHUA  ypaeuemiM  x  —  \ (t,x)  c  nepuoduuecKou  no  x  u  noumu  nepuodu- 
uecKOU  no  t  npaeou  uacmuio  ff  ^HOOePeHD4iajIbHI>ie  ypaBHemra.  1991.  T.  27.  Na  6.  C.  1073-1076. 


Classification  of  ^-Extensions  of  the  Quasi-Periodic  Flows 

Sakharov  A.N. 

Nizhny  Novgorod  State  Agricultural  Academy,  Russia 

We  consider  a  problem  of  classification  for  the  flows  generated  by  the  systems  of  differential  equations  on  the 
bundle  T  x  S'1: 

p  =  co,  9  =  f{p,9),  {ip,  9)  G  Tm  x  S1. 

Such  a  flow  is  called  a  S'1  -extension  of  a  quasi-periodic  flow.  The  classification  is  based  on  the  existence  of  the 
fiberwise  rotation  number  and  the  regularity  condition. 
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HOBblE  TOHHblE  PEIHEHM  HEABTOHOMHOrO 
YPABHEHM  JIHYBHJIJI5I 

CeMeHOB  3.H. 

HHcmumym  dunaMUKU  cucmeM  u  meopuu  ynpaejieHua  CO  PAH,  HpnymcK,  Poccuh 


B  ,n,OKjia,i3,e  npiiBe^eHbi  pe3yjibTaTbi  no  nocTpoemno  tohhbix  aHajiHTHuecKHx  pemeHHH  b  Bime  KOHenHbix  cjropMyji 
HeaBTOHOMHoro  ajuiiinTiinecKoro  ypaBHeHHH  JlHyBHjuiH 

A u=  ip{x,y)eXu,  u  =  u(x,y), 
h  HeaBTOHOMHoro  BOJiHOBoro  ypaBHemin  JIiiyBiijuiH 

□w  =  (F  +  G)eXu,  u  =  u{x,t). 


3^ecb  F  =  F(x  +  at),  G  =  G(x  —  at),  A,  a  £  K  \  {0},  A- 


d2  d 2 

dx 2  dy 2 


onepaTop  JIanjiaca  b  K2, 


□  ■  =  —  — -  •  —  — — ; -  •  —  onepaTop  IIajiaM6epa.  9ti-i  ypaBHeHHH  BCTpenaiOTCH  bo  mhotiix  npiiKjia,n,Hbix  3a,a,anax 
or  otz  axz 

coBpeMeinioii  MaTeMaTiinecKon  c})H3hkh,  oco6eHHO  npn  iiccne^OBaHiin  npoqeccoB  h  HBjiemiH  b  Hejiimeimbix  cpe- 
,gax,  HanpiiMep,  b  Teopini  nojiynpoBO^miKOB,  tfnanKe  njiasMbi,  KBaHTOBon  onTHKe  h  t.^;.  riojiyneHbi  cjropMyjibi 
hobbix  tohhbix  aHajiHTH'iecKHx  pemeHHH  HeaBTOHOMHoro  ajijninTHHecKoro  ypaBHemin  JIiiyBiijuiH  b  .gByMepHOM 
KOop,n,HHaTHOM  npocTpaHCTBe  co  cbo6o/3,hoh  (JjyHKpueH,  3aBHC5Hu,eii  cnepnajibHbiM  o6pasoM  ot  npoii3BOJibHoii 
i  ap m o h  h  ' i ec  ko h  <J>yHKH,HH.  IIpe.zi.'bHBjieHbi  HOBbie  TOHHbie  pemeHHH  BOJiHOBoro  ypaBHeHHH  JlnyBHjijiH  c  ,n,ByMH 
npoH3BOJibHbiMii  <J>yHKH,HHMH.  IIpe^CTaBjieHbi  opuriiHajibHbie  (JjopMyjibi  o6m,ero  pemeHHH  ,zi,jih  Kjiacci-inecKoro 
(aBTOHOMHoro)  h  BOJiHOBoro  ypaBHeHHH  JInyBi-ijuiH.  IIpHBe^eHbi  HeKOTopbie  npeo6pa30BamiH  aKBHBajieHTHOCTii 
,zyiH  sjuninTHHecKoro  ypaBHeHHH  JlHyBHjuiH,  3aBHCHin,He  ot  conpHnceHHbix  rapMOHiinecKiix  (|’)yhkhhh.  B  uacT- 
hocth,  yKasaHO  npeo6pa30BaHiie,  npiiBO,n,Hm,ee  HCCJie,nyeMoe  ypaBHemie  k  aBTOHOMHOMy  Brmy. 


New  Exact  Solutions  of  Non- Autonomic  Liouville  Equation 

Semenov  E.I. 

Institute  for  System  Dynamics  and  Control  Theory  Siberian  Branch  of  Academy  of  Sciences  of  Russia,  Irkutsk 

Formulas  of  new  exact  analytic  solutions  for  non-autonomic  elliptic  Liouville  equation  in  two-dimensional 
coordinate  space  with  an  arbitrary  harmonic  function  are  obtained.  New  exact  solutions  for  wave  Liouville 
equation  with  two  arbitrary  functions  are  constructed.  The  original  formulas  of  general  solution  for  classical 
Liouville  equation  are  given.  Some  equivalence  transformations  depending  on  conjugate  harmonic  functions  for 
elliptic  Liouville  equation  are  proposed. 
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PA3PbIBHbIE  PEIHEHM  OYHKIJHOHAJIbHO-AMOEPEHIjnAJIbHblX 
YPABHEHHH  C  OBOBlUEHHblM  B03AEHCTBKEM 

CeceKHH  A.H.,  OeTHCOBa  KD.B. 

HHcmumym  MameMamuKU  u  MexanuKU  YpO  PAH,  EKamepunUypg,  Poccuh 

PaccMaTpi-iBaeTca  ci-iCTeMa  HejniHeimbix  (J>yHKii,HOHa.JibHO-,ii,H4xJ>epeHii,Ha.iibHbix  ypaBHemiH 

x{t)  =  f(t,x(t),xt)  +  B{t,x{t))v{t),  (1) 

r^e  xt  =  x(s),  t  —  9<s<t,  9>  0,  x(t)  £  Rn,  v(t)  —  m-MepHan  BeKTop-cjDyHKpiia,  iiMeromaa  Ha  npoMeacyTKe 
[loi^]  orpaHHHeHHyro  Bapiiaqiiio,  p(t)  —  nauajibHasi  (JjyHKiijiH  -  (JjyHKipiisi  oi  paHH'ieHHOH  Bapnapiiii,  3a,a,aHHaH 
Ha  npoMeacyTKe  [to  —  9,  to],  npoH3BO,a,Hbie  b  (1)  noHHM aiOTca  b  o6o6m,eHHOM  CMbicjie,  f(t,x(t),Xt)  —  n-MepHaa 
BeKTop-cjDyHKHyia,  HenpepbiBHaa  no  coBOKynHOCTii  nepeMeHHbix,  B{t,x{t))  —  nxm  —  MaTpHii,a-cJ>yHKii,HJi.  Oco- 
6eHHOCTbio  ypaBHeHiia  (1)  aBaaeTca  to,  hto  b  npaBOii  uacTii  ero  co^epaaiTca  HeKoppeKTHaa  onepapua  yMHoace- 
Hiia  pa3pbiBHOH  cJ>yHKu,riri  Ha  o6o6m,eHHyio.  IIpe^jioaceHO  onpe^enemie  pa3pbiBHoro  pemeHiia,  ocHOBaHHoe  Ha 
3 aMbiKaHHH  MHoacecTBa  rjia^Kiix  pernem-iii  ypaBHeHiia  (1)  b  npocTpaHCTBe  <J>yHKii,HH  orpaHiiueimoH  Bapnapiin. 
OraicaHO  MHoacecTBO  t&k  (J>opMajiH30BaHHbix  pemeHHit.  A0Ka3aHa  TeopeMa  o  HenpepbiBHOii  3aBHCHMOCTii  perne- 
HHa  ot  HanajiBHOH  cjiyHKHHH,  nojiyueHa  cjropMyjia  Kohiii  fljia  jnmeimoH  cucTeMbi  c  o6o6iii,eHHbiM  B03fleiicTBHeM 
b  MaTpupe  cucTeMbi. 

PaboTa  BbinojiHeHa  npn  <f>imaHCOBoii  no^epucKe  POOH,  rpaHT  N2  06-01-00445. 

JlmepaTypa 

[1]  Zavalishchin  S.T.  and  Sesekin  A.N.  Dynamic  Impulse  Systems.  Theory  and  Applications.  The  Netherlands.  Kluwer 
Academic  Publishers,  1997. 

[2]  Xeiiji  71>k.  Teopna  cbyHKTHOHajII>HO-,zui4><i)ePeHL|,HajIbHI>ix  ypaBHemiii.  M.:  Mnp,  1984. 

[3]  Fetisova  Yu.V.,  Sesekin  A.N.  Discontinuous  solutions  of  differential  equations  with  time  delay.  Wseas  transactions  on 
systems.  Issue  5,  Volume  4,  2005.  P.487-492. 


Discontinuous  Solutions  of  Functional-differential  Equations 
with  Generalized  Functions 

Sesekin  A.N.,  Fetisova  J.V. 

Institute  of  Mathematics  and  Mechanics,  Ural  Branch  of  RAS,  Ekaterinburg,  Russia 

For  the  nonlinear  functional-differential  equation  with  generalized  functions  in  the  right  hand  side  the  concept 
of  solution  is  formalized.  The  formalization  is  based  on  the  closure  of  a  set  of  smooth  solutions  generated  by 
smooth  approximations  of  generalized  functions  included  in  the  right  hand  side  of  the  functional-differential 
equation.  The  existence  theorem  of  so  formalized  solution  is  obtained.  The  theorem  of  continuous  dependence 
of  the  solution  on  the  initial  function  is  obtained.  The  Cauchy  formula  for  the  linear  differential  equation  with 
generalized  elements  in  a  matrix  of  the  system  is  proved. 
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KACKAAbl  EMYPKAIJHH  PEIHEHHn  B  HEJIHHEHHblX 

AH®®EPEHu;nAJibHbix  ypABHEHnax  AH®oy3noHHoro  thiia 

CnflopoB  C.B. 

Poccuuckuu  3aoHH,uu  uHcmumym  meKcmujibnou  u  Aeenou  npoMuiuAemwcmu,  Poccuh 

B  paboTe  Ha  npi-mepe  HecTaqiiOHapHoro  ypaBHemiH  riiH36ypra- JIaH,n,ay  h  ciiCTeMBi  ypaBHeHiiii  «6pioccejiHTop» 
HiicjieHHO  iiccjie,n,OBaHBi  pemeHiia,  B03HHKaK>npie  b  cucTeMax  ^iicjjcjDepeHpHajiBHBix  ypaBHemiii  b  uacTHBix  npo- 
ri3B0,n,HBix  napabojnmecKoro  Ti-ma  nocjie  noTepn  ycToiimiBOCTH  ri’ep m cy t h h a m h ' i ec ko h  BeTBi-i  —  CTaqiiOHapHoro 
npocTpaHCTBeHHO  o,n,Hopo,ii,Horo  pernem-ra.  PaccMOTpeHBi  peniemia  nepBoii  h  BTopoii  KpaeBoii  salami  Ha  OTpe3Ke 
h  na  njiocKOCTH  b  KBa,npaTe. 

ITpn  iiccjie^OBaHHH  yKa3aHHBix  cucTeM  Ha  OTpe3Ke  MeTO,n,OM  micjieHHoro  npo^ojuKemiH  pernem-ra  no  napa- 
MeTpy  ycTaHOBjieHO,  hto  b  (J>a30BOM  npocTpaHCTBe  nocjie  noTepn  ycToirai-iBOCTH  rrep mo; t h h aivi  h  '  i  ec  ko  ft  BeTBii 
BHanajie  B03HHKaeT  nepiio,n,HHecKoe  npocTpaHCTBeHHO  o,n,Hopo,ii,Hoe  (b  cjiyuae  3a,n,aHH  HeiiMaHa)  jih6o  npocTpaH- 
CTBemio  Heo,n,Hopo,ii,Hoe  (b  cjiyuae  salami  /fnpHxjie)  pemem-ie.  H3MeHemie  6H(J>ypKaii,HOHHoro  napa- 

MeTpa  npHBOflHT  b  3a,n,aHe  HeiiMaHa  k  noHBjiemno  nepiio,n,HHecKoro  npocTpaHCTBeHHO  Heo,n,Hopo,ii,Horo  pernem-ra  h 
k  ponc^emuo  ycTOHHHBBix  ,n,ByMepHBix  HHBapriaHTHBix  TopoB,  KOTopnie  3aTeM  noponc^aiOT  KacKa,n,Bi  6ii<f>ypKaii,HH 
ynpoemra  nepiio.n.a  sthx  TopoB,  Kan  no  BHyTpeHHeii,  Tan  h  no  BHeniHeii  nacTOTe.  ,II,aHHBie  KacKa,n,Bi  3aBepma- 
iotch  o6pa30Bam-ieM  npocTeiimero  xaoTi-raecKoro  aTTpaKTopa  <Dei"ireH6ayMa.  B  ypaBHemiii  ri-iH36ypra-JIaH,n,ay 
ycTaHOBjieHO  cymecTBOBam-ie  cy 6 1  ap m o h h ' lec k h x  KacKa,n,OB  6ii<J>ypKaii,HH  po>K,n,eHHH  ycTOiimiBBix  ,n,ByMepHBix 
HHBapnaHTHBix  TopoB,  HMeioirpix  nepno^Bi  no  BHeniHeii  uacTOTe  corjiacHO  nopjmKy  HlapKOBCKoro.  Cy6rapMO- 
HH'iecKne  KacKa,n,Bi  6ii(J>ypKaii,HH  noponyipaiOT  6ojiee  cjiomHBie  xaoTHnecKiie  aTTpaKTopbi  —  aTTpaKTopbi  Hlap- 
KOBCKOrO. 

Jpisi  salami  /fiipHxjie  B  eficisoEOM  npocTpaHCTBe  ypaBHemra  ri-iH36ypra- JlaH/pay  ycTaHOBjieH  KacKa,n,  ponc^e- 
HIM  yCTOHHI-IBBIX  MHOrOMepHBIX  IIHBapi-iaHTHBIX  TOpOB,  &  B  (J>a30B0M  npOCTpaHCTBe  CHCTeMBI  «6piOCCejIHTOp»  — 
c y  6 1  ap  mo  h  h  '  i  ec  k  u  ti  KacKa,n,  6n(J)ypKaH,Hii  poHygemra  ycTOiimiBBix  h,iikjiob,  npiiBO/pnni-iii  k  noHBjiemiio  xaoTi-rae- 
ckhx  aTTpaKTopoB  <PeiireH6ayMa  h  HlapKOBCKoro.  npn  HCCJie,n,OBaHHH  pemem-iii  b  yKa3aHHBix  BBiine  cucTeMax 
Ha  njiocKOCTH  Tannce  ycTaHOBjieHO  cymecTBOBam-ie  b  cjrasoBOM  npocTpaHCTBe  KacKa/poB  6i-ic]3ypKaii,HH  ygBoemra 
nepi-io.n.OB  ,n,ByMepHBix  HHBapiiaHTHBix  TopoB,  nopox^aromiix  xaoTHuecKHft  aTTpaKTop  Oei"ireH6ayMa. 

npiiBe^eHHBie  pe3yjiBTaTBi  noKa3BiB aiOT,  hto  noHBjiemie  xaoTHnecKoii  ^hhemhkh  b  HejiHHeiiHBix  .gi-KjwJjepeH- 
pnajiBHBix  ypaBHemiax  b  nacTHBix  npoi-i3BO,n,HBix  napa6ojn-iHecKoro  Tima  ocHOBaHO  Ha  Tex  nee  Mexam-raMax, 
KOTopnie  onpe,n,ejiJiiOT  nepexo,n,  k  xaocy  b  HejiHHeiiHBix  ^,1-icci-inaTi-iBHBix  cucTeMax  o6bikhob6hhbix  ^i-KjwJjepeHpH- 
ajiBHBix  ypaBHeHiiii  h  b  ypaBHemrax  c  3ana3,n,BiBaioiii,HM  apryMeHTOM  [1,  2].  9to  cy6rapMOHHHecKiie  (b  CMBicjie 
nopa/pca  HlapKOBCKoro)  KacKa,n,Bi  6n(J)ypKaH,Hii  poHygemra  jih6o  ycTOiimiBBix  h,iikjiob,  jih6o  ycTOHHHBBix  ,n,By- 
MepHBix  HHBapiiaHTHBix  TopoB.  AaHHOe  o6cTOHTejiBCTBO  no3BOjraeT  npe,n,nojiaraTB  cymecTBOBam-ie  CTpyKTypni 
pemem-iii  b  HejiHHeiiHBix  ^HCCi-inaTi-iBHBix  cucTeMax  ,n,H4wJ>epeHii,HajiBHBix  ypaBHemiii. 

JlmepaTypa 

[1]  N.A.  Magnitskii,  S.V.  Sidorov.  New  Methods  for  Chaotic  Dynamics.//  World  Scientific,  Series  Nonlinear  Science,  Ser. 
A.  Vol.  58.  363  pp. 

[2]  Cn,zi,opoB  C.B.  y HHBepcajibHOCTB  nepexo^a  k  xaocy  b  gHHaMmecKiix  jyiccimaTHBHBix  cncTeMax  /uicfxbepeHiuiajiBHBix 
ypaBHeHiiii.//  HHHaMHKa  HeoflHopoflHBix  CHCTeM.  BninycK  9.-M.:  KoMKHiira,  2005,  c.  51-87. 


Bifurcation  Cascades  of  Solutions  in  Nonlinear  Differential 
Diffusion  Type  Equations 
Sidorov  S.V. 

Russian  Correspondence  Institute  Textile  and  Light  Industry,  Moscow,  Russia 

On  the  basis  of  numerical  simulation  systems  of  the  differential  equations  of  reaction-diffusion  type  are  studied. 
It  is  shown,  that  transition  to  spatial-temporal  chaos  in  such  systems  occurs  through  a  cascade  of  Feigenbaum- 
Sharkovskii  bifurcations  of  stable  cycles  or  stable  two-dimensional  invariant  tori  with  respect  to  internal  as  well 
as  external  frequencies.  Existence  of  cascades  of  a  birth  bifurcation  of  stable  3-dimensional  and  4-dimensional 
tori  is  established  also. 
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HMnyJTbCHblE  AMOEPEHIJHAJIbHblE  BKJIIOHEHM 

CKpHnHHK  H.B. 

Odeccnuu  HcmuoHdAbHuu  yHueepcumem  um.  M.M.  Meununoea,  Ynpauna 

B  .gORjia^e  paccMaTpimaiOTCH  ^HcjDcjDepeHpiiajibHbie  BRjnoueHiiH  c  HMnyjibCHbiMH  B03,n,eiicTBiiHMii  b  cjniKCiipo- 
BaHHbie  MOMeHTbi  BpeMemi. 

fljisi  jiiiHeiiHbix  HMnyjiBCHBix  ^iKjjcjDepeHpiiajiBHbix  BRjiKmeHiiii  Bima 

x  £  A(t)x  +  F(t),  t  ^  Ti,  Ax\t=Ti  £  BiX  +  Pi, 

r^e  x  £  Rra,  t  £  I  =  [to,T],  A  :  I  — >  comp(Wnxn),  F  :  I  —>  comp(Wl)  —  MHoro3HauHbie  OTo6pa»ceHiiH; 
Ti  £  I,  i  =  1,2,...,  Bi  £  comp(M.nxn),  Pi  £  cornp{Wn)  paccMOTpeHbi  Bonpocbi  cymecTBOBamiH  h  ycToftuHBOCTH 
o6biHHbix  pemeHiiii  h  R-pemeHiiii  [1];  nojiyueHbi  Heo6xo,a,i'iMbie  h  ,n,ocTaTOHHbie  ycjiOBiia  cymecTBOBaHiia  nepiio- 
,zi,HHecKHx  o6bihhbix  pemeHiiii  h  R-pemeHHit,  a  TaK*e  ii3yueHa  cbh3b  MejKfly  HauajibHbiMii  MHOucecTBaMii  Taxiix 
pemeHiiii  [2].  ffaHHbie  pe3yjiBTaTbi  hbjihiotch  npo^ojBRemieM  HCCjre^OBaHHH  A.M.  CaMoftjieHRO  h  H.A.  Ilepe- 
CTiOKa  ^jih  cjiynaa  JiHHeiiHbix  HMnyjibCHbix  /  ui(jx[)epeH  pu  aj ifiHwx  bkjho'I6hhh.  TaRxce  nojiyueHa  annpoKCiiMapiiH 
MHOxecTBa  fl0CTH*;HM0CTH  jiHHefiHoro  HMnyjibCHoro  ^iKjxJjepeHpiiajibHoro  BRjHOueHHH  c  HcnojiB30BaHHeM  pe- 
mem-iii  ciiCTeM  JiiiHeiiHbix  ^iKjKjjepeHpiiajibHbix  ypaBHeHHfi  c  npoii3BO,a,HOi"i  XyRyxapbi  h  tt—  npoii3BO,a,HOi"i  [3,4,7]. 
BonpocaM  iiccjie^OBaHHH  cbohctb  MHOxcecTBa  aocthjrhmocth,  a  Taunte  pasjiiiHHbiM  npii6jni>ReHHbiM  MeTO^aM 
ero  nocTpoemiH  nocBHiu,eHbi  pa6oTbi  A.  ffoHueBa,  A.B.  KypxtaHCRoro,  M.C.  HiiROJiBCRoro,  A. 14.  IlaHaciORa, 
B.A.  ITjioTHiiROBa,  A. A.  TojicTOHoroBa,  <E>.JI.  HepHoycbRO. 

ffjin  HejiHHeiiHbix  HMnyjibCHbix  ^,H<J)4)epeHLi,iiajibHbix  BRjiiOHeHiiii  ,n,OKa3aH  aHajior  TeopeMbi  M.  KpacHOcejib- 
CRoro  -  C.  Kpefraa  b  TepMimax  o6bihhbix  pemeHHit  h  R-peineHiiii  [5,6].  IIojiyHeHHbie  pe3yjiBTaTbi  o6o6m,aiOT 
pe3yjiBTaTbi  pa6oT  B.A.  IIjioTHiiROBa,  O.IT.  OmiaTOBa,  M.M.  XanaeBa,  T.  Donchev,  b  rotophx  cyrpecTBeH- 
ho  iicnojib30Bajiocb  BbinojiHemie  ycjiOBiia  Riinmiipa  (o^,HOCTopomiero  ycjiOBiia  .Hiinmupa)  /pm  ricxo/pioro  hjih 
ycpe/piemioro  BRjHOueHHH. 

JlnTepaTypa 

[1]  IIjiOTHHKOBa  H.B.  YcTOilxuBOCTb  pemeHiiii  jiHHeHHBix  HMnyjibCHbix  flii(J)4)epeHii;iiajibHbix  BKjHOueHiiii  //  Hejiimiffli 

KOjiiiBaHHH .-2004 .-  T.7,JV«1.  -  C. 121-131. 

[2]  njiOTHHKOBa  H.B.  nepHOflHHecKHe  pememiH  jiHHeiiHbix  HMnyjibCHbix  /uKjxJ>ePeHUHajibHbix  BKjHoneHiiH  //  Hejiimiffli 
KOjiiiBaHHH.-  2004.  -  T.7,N24.  -  C. 495-515. 

[3]  njiOTHHKOBa  H.B.  AnnpoKCHMau,HH  nyuxa  pemeHiiii  jiHHeiiHbix  HMnyjibCHbix  /uicjxbepeHiuiajibHbix  BKjHOueHHii  // 
BicHHK  XapKiBCbKoro  Han,.  ymBepcHTeTy.  -  2004.  Bun. 54.  -  C. 67-78. 

[4]  njiOTHHKOBa  H.B.  CucTeMbi  jiHHeiiHbix  /uicjxf>epeHH,HajibHbix  ypaBHemiii  c  tv— npoH3BO/i,HOH  h  jinHeimbie  /ui4>4>ePeH- 

H,najibHbie  BKjHoneHHH  //  MaTeM.  c6.-2005.-  T.196,  Nsll.-  C.  127-140. 

[5]  njiOTHHKOBa  H.B.  TeopeMa  KpacHOcejibCKoro  -  Kpeima  /i,jih  /uicJxhepeHUHajibHbix  BKjnoueHHii  / /  RntjacpepeHii,.  ypaB- 
HeHHH.—  2005.  ■  T.41,  JV®7.  -  C.997  -  1000. 

[6]  njiOTHHKOBa  H.B.  YcpeflHeHne  HMnyjibCHbix  flH(J)4)epeHii,HajibHbix  BKjnoHeHHii  / /  MaTeMaTHHHi  CTyfli’i.  -  2005.  -  T.23, 
JAJ .  -  C.52  -  56. 

[7]  njiOTHHKOBa  H.B.  JlHHeiiHbie  flH4>4)epeHii,HajibHbie  ypaBHeHim  c  MHoro3HaHHbiMH  TpaeKTopHHMH  / /  BecTHiiK  C.- 
neTep6ypr.  yH-Ta.  Cep.  10.  -  Bbin.l  -  C.  57  -  63. 


Impulsive  Differential  Inclusions 

Scripnik  N.V. 

Odessa  National  University  named  after  I.I.  Mechnikov,  Ukraine 

For  linear  impulsive  differential  inclusions  the  existence  of  ordinary  solutions  and  R-solutions  is  proved;  the 
conditions  of  stability  of  ordinary  solutions  and  R-solutions  are  obtained;  the  existence  of  periodic  ordinary 
solutions  and  R-solutions  is  discussed.  The  approximation  of  attainability  sets  is  obtained  with  the  help  of 
systems  of  differential  equations  with  Hukuhara  derivative  and  7r—  derivative.  For  nonlinear  differential  inclusions 
the  analogue  of  M.  Krasnoselskij  S.  Krein  theorem  in  terms  of  ordinary  solutions  and  R-solutions  is  proved. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


O  EECKOHEHHOMEPHBIX  CHCTEMAX  THIIA  HAMBY 

CjiaBKO  A.B. 

Poccuuckuu  ynueepcumem  dpy:ytc6u  napodoe,  MocKea,  Poccuh 


riycTb  3a,n,aHa  cucTeMa  sbojiiophohhbix  ypaBHemiH  Bima 


__ 


=  Xl3(x,  t,  ua),  (x,t)  G  Qt  =  x  (0,T)  (i  =  1,  n;  j  =  1,  m,  jaj  =  0,  s), 


(1) 


r^e  XU  G  Cs(Qt  x  Rq),  ua(x,t)  =  dau(x,t),  a  €  Z™,  q  —  pa3MepHOCTB  BexTopa  {MQ}(|a|  =  0,  s);  O 
orpaHiiHeHHaa  o6jiacTB  b  Rn  c  xycouHO  rjia,a,KOi“i  rpaHHpefi  OLl,  h  BBe,a,eM  cjie^yiomee 

Onpe^ejieHHe  1.  CucTeMa  3bojik>u,iiohhbix  ypaBHemin  (1)  ,n,onycxaeT  npe^,CTaBjiem-ie  HaM6y,  ecjin  cyru,e- 
CTByKJT  (JjyHKpiIOHajIBI 

=  =  |o|  =  W 

n 

Taxiie,  uto  ee  mojkho  3anncaTB  b  Bi-me  cjie^yromeii  cyMMBi  (J>yHxn,HOHajiBHBix  onpe^ejiiiTejieii: 


V  =  1 


5(ulv,...,unv)  * 


1  ,n;  j 


1 ,  m) . 


(2) 


OyHKpuoHajiBHBie  npoii3BO,a,HBie  bbiuhcjihiotch  no  cjjopMyjie 


SHk 

Suv 


dhk 


rpp  Da  —  nojiHaa  npoHSBO/tHax,  cooTBeTCTByromaa  iviyj i brr h h h; t,e Key  a.  3^ecB  h  ,a,ajiee  cbyHxnuH  hi  cuHTaxjTCH 
^.ocTaTonHO  rjiaflXHMH. 

PaccMOTpiiM  cjiynaii  ciiCTeMBi  (1)  npn  n  =  3,  m  =  1,  to  ecTB  cucTeMy  Bima 


u\  =  Xz(x,t,ua),  (x,t)  G  Qt 


O  x  (0,  T)  (i  =  1,3,  \a\ 


0,s), 


(3) 


r^e  u(x,t )  =  ( u1(x,t),u2(x,t),u3(x,t ))  —  neri3BecTHan  BexTop-cbyHxpiiH;  u 1  G  Cl’xs(QT),  Hi[u\  = 

J  hi(x ,  t ,  ua)dx  (i  =  1, 2,  |a|  =  0,  s),  O  —  orpaHiineHHaH  o6jiacTB  b  Rn  c  xycouHO  rjia^Koii  rpammen  dLl.  Heii3- 
o 


BecTHaa  BexTop-cbyHxpiiH  u  —  u(x,t)  no/pnmeHa  ycjiOHXM  w|t=0  =  uq(x),  u\t—T  =  u\{x)  (x  G  fl), 


dna 


=  <Pv 


(v  =  0,  s  —  1),  r,n,e  ipv  G  C(Tr),  (v  =  0,  s  —  1),  =  dfl  x  (0,  T),  nx  —  e/piHHUHBin  BexTop  BHenmeii  HopMajin 


k  dfl. 

TeopeMa  1.  Ecjih  npaBBie  nacTii  (3)  npe^CTaBiiMBi  b  Bime  cko6ok  HaM6y,  to  BBinojiHueTCH  cjie^yromee 
cooTHomemie: 

5X1  (DsT2  SX3  _ 

5m1  Su 2  5u3 

PadoTa  BBinojmeHa  npn  no,zmep}Kxe  POOH,  rpaHT  Jfs  06-01-00664. 


On  the  Infinite  Analogue  of  Nambus’  Systems 

Slavko  A.V. 

Peoples  Friendship  University  of  Russia,  Moscow,  Russia 

The  systems  which  assume  the  representation  in  the  form  of  Numbus’  are  discussed.  One  important  property 
of  such  systems  is  considered. 


HEJIHHEHHblE  JJM00EPEHUMAJ1  hi  I  hi  E  yPABHEHHH  H  MX  IIPHJIOMEHHX 
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O  HEKOTOPbIX  AHCKPETHbIX  AHAJTOrAX  nEPHO^HHECKHX 

$yHKu;HH  jifuiyhoba 

CMHpHOBa  B.B.,  HlenejiHEBift  A.H. 

CaHKm-nemep6yp2CKUu  eocydapcmeemiuu  ynueepcumem,  Poccuh 

PaccMaTpi-iBaeTca  Kjiacc  .nyicxpeTHBix  (J>a30BBix  cucTeM  aBTOMaTiiuecxoro  ynpaBjieHira.  Hx  MaTeMaTHuecxoe 
omicaHiie  HMeeT  bh,h, 

x(n  +  1)  =  Ax{n)  +  6£(n), 

a{n  +  1)  =  cr(n)  +  c*x  —  p£(n),  (1) 

£(n)  =  <^(n),  n  =  0,l,2, .... 

3,a,ecB  A  nocTOHHHaa  (v  x  v)  -  MaTpiiqa,  b,  c  -  nocTOHHHBie  u-BexTopBi,  p  >  0  —  hiicjio,  x,  a  —  cooTBeTCTBeimo 
u-MepHaa  h  cxanapHaa  KOMnoHeHTBi  BexTopa  coctohhiih  cucTeMBi,  <p(cr)  —  cxajiapHasi  A  -  nepiio^iiHecKaa 
cjjyHKpiia.  npe^nojiaraeTCH,  hto  (JjyHKpiiH  <p(cr)  HMeeT  ,n,Ba  Hyjia  Ha  npoMe»cyTxe  [0,  A) .  IIpe^nojiaraeTCH  Taxxe, 
hto  Bee  co6cTBeHHBie  3HaHeHiiH  MaTpiipBi  A  jieacaT  BHyTpii  e^iiHHHHoro  xpyra  \p\  <  1  (p  £  C),  napa  (A,  b) 
ynpaBjiaeMa,  a  napa  (A,  c)  Ha6jixyi,aeMa. 

ITpoBO^iiTCH  uccjie^OBaHiie  aciiMnTOTHHecxoro  noBe^eHiia  pemeHHfi  cucTeMBi  (1)  btopbim  MeTO,n,OM  Jlany- 
HOBa.  KaK  TeopeMBi,  rapaHTiipyromiie  rpa^iieHTHBiii  Tim  cucTeMBi  (1),  Tax  h  TeopeMBi,  no3- 

BoaaK>m,iie  ctpohtb  opeHxii  Hiicjia  npocxajiB3BiBaHHii  h,i-ixjiob  fljia  ee  pernem-iii.  HcnojiB3yiOTCJi  McypicjjHxanHH 
BBe^eHHoii  b  pa6oTe  [1]  .nyicxpeTHOii  (jjyHKHHH  JlanyHOBa  Tima  «xBa,a,paTHHHaa  cjjopMa  njnoc  iiHTerpaji  ot  ne- 
piio^Hnecxoii  HejiHHeitHoft  cjjyHxpiiii,  o6jia,n,aioiii,eH  HyjieBBiM  cpe,ii,HHM  3HaneHiieM  Ha  nepno/,i;e».  nepno^HHecxne 
HejniHeHHBie  <J>yHxii,HH  c  HyaeBBiM  cpe^HHM  cimTe3iipyiOTCJi  Ha  ocHOBe  hcxo,h,hoh  HejiimeimocTii  p(a)  c  homohi,bio 
cnepnaaBHBix  npope^yp  [1,2]. 

YcaoBiia  cymecTBOBamisi  <J)yHXH,HH  JlanyHOBa  noaynaiOTca  c  noMom,Bio  nacTOTHoii  TeopeMBi  5fxy6oBima- 
KaaMaHa  b  .nyicxpeTHOM  caynae.  Ohii  BBipaaceHBi  b  TepMimax  nepe,n,aTOHHOH  (JjyHxpHH  jnmeimoH  nacTi-i  cucTeMBi 

X(P)  =  c*(A-pE)~1b  + p,  (peC), 

r^e  E  —  e^HHHHHaa  (v  x  v)  -  MaTpuqa,  h  iiMeiOT  (J>opMy  nacTOTHBix  HepaBeHCTB,  co^epacamiix  BapBiipyeMBie 
napaMeTpBi.  Tax  flaa  cucTeMBi  (1)  c  ^iKjMjjepeHpupyeMOH  HejumeimocTBio,  HMeromeii  npoH3BO^Hyio  p'(cr)  £ 
[aq,  02]  (aia2  <  0),  ycaoBiia  cymecTBOBaHiia  nepiio^HHecxoii  cjiyHxpHH  .TanyHOBa  MoryT  6bitb  ccJjopMyjmpoBa- 
hbi  c  noMom,Bio  HepaBeHCTBa 

R e{xx(p)  +  r(fcix(p)  +  (p  -  l))*((p  -  1)  +  k2x(p))j  >  £\x(p)\2  -  V,  (p  <=  C),  (2) 

r^e  £,  y,  r  >  0,  n  ^  0,  fci  <  2oq  —  a2,  k2  >  2«2  —  «i- 

B  .goxjia^e  ycTaHaBaiiBaeTca,  hto  BBinoaHeHiie  fljia  Bcex  [p\  =  1  (p  £  C)  nacTOTHoro  HepaBeHCTBa  (2), 
npn  ycaoBHH,  hto  BapBiipyeMBie  napaMeTpBi  r,  x,  y  ynpBjieTBopmoT  onpe^eaeHHBiM  aare6paiiHecxHM  Hepa- 
BeHCTBaM,  rapaHTiipyeT  cucTeMe  (1)  rpa^neHTHBiii  Tim.  YcTaHaBaiiBaiOTca  Taxace  nacTOTHBie  opeHxn  Hiicaa 
npocxaaB3BiBaHHH  puxaoB  fljia  cucTeMBi  (1)  rpa^neHTHoro  Tiina.  Ohii  nonynaiOTca  BxaiOHeHi-ieM  b  aare6pa- 
HHecxne  HepaBeHCTBa  fljia  BapwipyeMBix  napaMeTpoB  cnepiiaaBHBiM  o6pa30M  cxoHCTpyupoBaHHBix  (.[iyhkhhh, 
3aBHcam,Hx  ot  HanaaBHBix  3HaHeHiii“i  cJiyHxpiiH  .TanyHOBa. 

JlmepaTypa 

[1]  KopaxiiH  IO.A.,  JleoHOB  T.A.  npopeaypa  BaxaeBa-Fyaca  aaa  chctcm  co  mhohimh  yraoBBiMH  xoopflHHaTaMii.  / /  Msb. 
AH  Ka3CCP.  Cep.  <J>n3.-MaT.  1976.  JY®  3. 

[2]  Brockett  R.W.  On  the  asymptotic  properties  of  solutions  of  differential  equations  with  multiple  equilibria  //  J.  Diff. 
Equations.  1982.  Vol.44.  P.  249-262. 


On  Discrete  Analogues  for  Periodic  Lyapunov  Functions 
Smirnova  V.B.,  Shepelyavyi  A. I. 

Saint  Petersburg  State  University,  Russia 


For  discrete  phase  control  systems,  frequency-domain  criteria  of  gradient-like  behavior  and  frequency  estimates 
of  cycle-slipping  are  obtained.  For  this  purpose,  periodic  Lyapunov- type  functions  and  Yakubovich-Kalman 
theorem  are  used. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


O  OYHKIJHOHAJIbHO-AMOEPEHIJHAJIbHblX  YPABHEHHHX 
C  PA3PbIBHOH  IIPABOH  HACTblO 

CypKOB  A.B. 

Hncmumyrn  dunaMUKU  cucmeM  u  meopuu  ynpaenenuH  CO  PAH  HpKymcK,  Poccuh 

IlycTb  Rn  —  n-MepHoe  BeKTopHoe  npocTpaHCTBO  c  eBKjnmoBOH  HopMoii  ||- 1|,  CT  —  npocTpaHCTBO  Bcex  HenpepniB- 
hbix  cJjyHKHHH  onpe^,ejieHHBix  na  OTpe3Ke  [— r,  0]  co  3 h a T i e h h m m h  b  R"  c  o6bihhoi"i  sup-HopMOi"i 

II  '  lie  =  sup  ||^(0)||-r<e<o-  PaccMOTpHM  cucTeMy  4)yHKH,HOHajiBHO-flH<t>4)epeHH,HajiBHBix  ypaBHeHirfi: 

x  =  f{t,xt{-)),  (1) 

r^e  x(t) :  R  x  Rn  —  BeKTop-cjDyHKpiiH,  x( •)  £  CT  —  HenpepniBHaa  cjDyHKpiiH  pjin  Kanynpro  t,  onpe,n,ejiHe- 
Maa  paBeHCTBOM  Xt(9)  =  x(t  +  9),  — r  <  9  <  0  h  Xt0  =  <Po(')  ~  nauajiBHaa  cjDyHKpiia,  / :  R  x  CT  — + 
Rn  —  KycoaHO  HenpepbiBHaa  (JjyHKuyiH,  T.e.  (JjyHKpiiH  /  nenpepbiBHaa  BCK),n,y,  KpoMe  MHoroo6pa3iii“i  Bii^a 
Sj  =  {(t,ip(-)):  =  0}  C  R  x  CT,  j  =  1, . . . to,  r,a,e  Wj:  R  x  CT  — >  Rn  —  HHBapiiaHTHO  ,h,h4)- 

cjjepeHpiipyeMBiii  cjjyHKpiiOHaji  [1].  06o3HauiiM  uepe3  S  =  [JSj  h  ^onojiHemie  k  MHO*ecTBy  S  npe,a,CTaBiiM  b 

3 

BH,n,e  oGte^iiHeHiia  mhcckbctb  f pjisi  Kanynpro  H3  kotopbix  cjDyHKpiiOHajiBi  Wj  A  0  coxpaHsnoT  3HaKi-i  Ha  jiio- 
6om  ce'ieHHH  {i/>(-):  G  P;}  MHOxcecTBa  O,;  tohkoh  t  =  const.  Byn,eM  npe,a,nojiaraTB,  hto  pjm  Ka>K,a,oro 

0,  h  jik>6oh  ero  rpamiuHOH  tohkii  (t,  ■*/>(•))  £  S  cyipecTByeT  KOHeuHBiH  npe^eji  f(t,ip(-))  cjjyHKHHH 
npn  ycjiOBini  ( •))  — ►  rp$  (t! ,  ^>/ (•))  £  ft,;  (npn  cjniKCiipoBaHHOM  i).  410,3,  pememieM  3a,n,aHH  (1) 

noHi-iM aeTca  pememie  (JjyHKpiiOHajiBHO-flHcjDcjDepeHpiiajiBHoro  BKjuoueHHH: 


x  =  F(t,xt(-)). 


Oho  HBjiaeTca  aHajioroM  pemeHiia  b  CMBicjie  A.®.  OiuninnoBa  [2]  ^jih  ^iKjxJjepeHpHajiBHBix  ypaBHemiii  c 
pa3pBiBHOH  npaBoii  uacTBio  6e3  3ana3^BiBaHHa  (cm.  Taione  [3]).  IIpH  c^ejiaHHBix  BBirne  npe^nojio>KeHHHx  «ckojib- 
3HH3,He  pe>KHMbI»  (J)yHKH,HOHa.JIBHO-^I,H4xt>epeHH,Ha.JIBHBIX  ypaBHCHI-IH  C  pa3pBIBHOIl  npaBOH  HaCTBIO  MoryT  6bitb 
onpe^ejieHBi  KoppeKTHO.  IIpH  neKOTopbix  ^,onojiHiiTejiBHBix  npe^nojio>KeHHHx  b  BH^e  o^hoctopohhiix  ycjiOBiiii 
JlnnHinpa  BBiraiCBiBaroTca  TaKHte  ypaBHemia  ^bhikchhh  chctcmbi  b  «CKOJiB3JHu,eM  pe>KHMe»  b  hchbhoh  cjjopMe. 
PaSoTa  BBinojiHeHa  npn  no,imep}KKe  rpama  INTAS  Y  06-1000013-9019. 

JlHTepaTypa 

[1]  Khm  A.  B.  i-rjiaflKH0  aHajiH3  h  ctymauiOHajibHO  /piclxbepeHiuiajibHbie  ypaBHeHiia.  -  EKaTepiiH6ypr:  YpO  PAH,  1996. 

[2]  OnjiiinnoB  A.®.  ^ncjjcjjepeHpHajibHbie  ypaBHeHiia  c  pa3pbiBHoit  npaBoii  aacTbio.  -  M.:  Hayxa,  1985. 

[3]  ®HHoreHKO  H.A.  O  CK0Jib3am;Hx  peacuMax  peryjinpyeMbix  pa3pbiBHbix  CHCTeM  c  nocjiefleiiCTBHeM  / /  H3BecTiia  PAH. 
Teopaa  a  cacTeMbi  ynpaBjieHiia.  2004.  N4.  C.  19-26. 


Functional-Differential  Equations  with  Discontinuous  Right  Hand  Side 

Surkov  A.V. 

Institute  of  System  Dynamics  and  Control  Theory  SB  RAS,  Irkutsk,  Russia 

Functional-differential  equations  with  discontinuous  right  hand  side  are  considered.  Implicit  form  in  the  case  of 
sliding  modes  which  is  equivalent  to  original  form  of  functional  differential  equations  in  terms  of  Caratheodory 
solutions  set  is  obtained. 


HEJIHHEHHblE  JJH Q OEPEHI^HA  Jib HblE  yPABHEHHH  H  MX  IIPHJIOMEHHX 
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METOA  JIHHEAPH3AU;HH  B  KBA3HJIHHEHHOH  CHCTEME 
C  OAHOH  CTEIIEHblO  CBOBOAbI  IIPH  rAPMOHHHECKOM  HJIH 

CJIYHAHHOM  B03EY}K,Zi;EHHH 
Tobcthk  n.E.,  Tobcthk  T.M. 

CaHKm-IJemepdypscKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 


Ilccjie^yiOTCH  ycTaHOBiiBimiecji  ^BiixeHiiH  b  KBasiijnmeimoH  ciiCTeMe  c  o^hoh  CTeneHBio  cbo6o,h,bi  npii  rapMO- 
HiinecKOM  hjih  CTapiiOHapHOM  cjiyuaimoM  B036y»c^i,eHiiii.  Ilqn,  KBasiijiimeiiHOH  no,npa3yMeBaeTCJi  cucTeMa  c  He 
cjiniHKOM  6ojiBnniM  ypoBHeM  nejiimeimocTH,  npn  kotopom  xaoTimecKiie  ^BiDKemra  He  B03HHKaiOT.  nPn6jiH- 
»ceHHBie  aHanHTHHecKiie  pemeHira,  nojiyueHHBie  b  pe3yjiBTaTe  jiHHeapH3au,HH,  cpaBHimaiOTCJi  c  pe3yjiBTaTaMi-i 
HricjieHHoro  MO,n,ejiHpoBaHHH.  06cy»pi,aiOTCJi  cnoco6Bi  HiicjieHHoro  MO^ejnipoBaHiiH  CTapiiOHapHBix  npopeccoB. 

PaccMaTpi-iBaeTCH  ypaBHemie  Aycbc]31™1^  c  JKecTKoft  HejnmeimocTBio  h  c  j i h h e h h bi m  conpoTHBjiemieM 


d2x 
dt 2 


+  x  +  x3 


m, 


rjisi  KOToporo  jiHHeapii3aH,HH  npn  rapMOHimecKOM  B036y»p3,eHHH  npaBiuiBHO  om-iCBiBaeT  noBe^emie  pemeHira 
b  OKpecTHOCTH  rjiaBHoro  pe30HaHca.  A  hmchho,  jiimeapH3aii,HJi  npe^CKa3BiBaeT  bo3mo>khoctb  noHBjieHiia  b  3a- 
bhchmocth  ot  HanajiBHBix  ycjiOBim  ,n,Byx  pa3JiHHHBix  ycTOHHHBBix  nepiio,n,HHecKHx  ^Bi-internm.  Hto  KacaeTCH 
CTapnoHapHoro  cjiyuaimoro  B036y»c,ii,eHHH,  to  3,n,ecB  jiimeapH3aii,HJi  MoaceT  iiCKasiiTB  KauecTBeHHyio  KapTi-my.  B 
OKpeCTHOCTIi  pe30HaHCa  JIHHeapH3an,HH  npiIBO^HT  K  AByM  yCTOHHIIBBIM  pa3JIIIHHBIM  CTailJIOHapHBIM  ^BHHteHIIHM 
b  to  BpeMH,  Kax  npii  HiicjieHHOM  MO^ejnipoBamm  Bcer^a  nojiyuaeTCH  tojibko  o,h,ho  .npi-iHcem-ie. 

PaccMaTpiiBaeTCH  ypaBHemie 


dx 


d2t 


_+c_  +  /(a;)=c1^-C2[-^- 


dx  dt, 


dx 

dt 


dt 

dt 


omiCBiBaiomee  KOJie6aHHH  HejnmeimoH  CHCTeMBi,  MOflejiiipyiomeii  KOJiebamisi  MopcKoft  CTapiiOHapHOH  njiaTcjrop- 
mbi  npn  rapMOHiinecKOM  h  cjiyuaimoM  BOJiHeHini.  9to  ypaBHemie  co^,ep:>KHT  HecKOJiBKO  nejiimeimocTeH,  b  m-icjie 
KOTopBix  HMeeTCH  cjiaraeMoe,  co,n,ep>KaHi,ee  KBa,npaT  pa3HOCTii  CKopocTii  h  B03Myin,eHiisi.  A113  stoh  CHCTeMBi  (b 
OTjniHiie  ot  ypaBHemra  Ay^cbuHra)  npii  JmHeapii3aii,HH  npiixo,n,HTCJi  onpe,n,ejiJiTB  Tpii  napaMeTpa.  Kax  h  ,zi,jiji 
ypaBHeHHH  AycbcbuHrA  npii  i  ap mo h  h  rrec kom  BOJiHemin  jiimeapH3aii,HJi  yupBjieTBopHTejiBHO  annpoKCHMiipyeT 
,n,BH>KeHHe  CHCTeMBi,  a  npn  cjiyuaimoM  BOJiHemm  Ha6jno,n,aiOTCJi  cymecTBemrBie  KauecTBeHHBie  pa3JiHHHH  Me»c- 
,n,y  noBe^eimeM  jiimeapH30BaHHOH  CHCTeMBi  h  pe3yjiBTaTaMi-i  HiicjieHHoro  MO,n,e jinpoB am-m . 


On  the  Linearization  of  the  Quasi-Linear  System  with  One 
Degree  of  Freedom  under  Harmonic  or  Under  Random  Excitation 

Tovstik  P.E.,  Tovstik  T.M. 

Saint  Petersburg  State  University,  Russia 

The  stable  motions  in  the  quasi-linear  system  with  one  degree  of  freedom  under  harmonic  or  under  random 
excitation  are  studied.  As  a  quasi-linear  system  we  mind  the  system  with  the  comparatively  low  level  of  the  non¬ 
linearity  so  that  the  chaos  does  not  appear.  The  approximate  analytical  solutions  obtained  after  linearization 
are  compared  with  the  results  of  the  numerical  simulation.  The  methods  of  the  stationary  random  processes 
simulation  are  discussed. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


rJTAAKAM  riPHBO^HMOCTb  K  HOPMAJIbHOH  OOPME 
B  O^HOM  KPHTHHECKOM  CJ1YHAE 

ToKapeB  C.II. 

CaHKm-IIemepSypdCKUu  eocydapcmeennuu  ynueepcumem  meAeKOMMynuKayuu 
um.  npo$.  M.A.  Bonn- Spy  eeuua,  Poccuh 

PaccMOTpi-iM  CHCTeMy  o6bikhob6hhbix  ,n,ii4xJ)epeHu,iiajibHHx  ypaBHeHiiii  c  6ecKOHeuHO  ,n,H4xt>epeHii,HpyeMOH  b 
OKpecTHOCTri  Hanajia  KOopnymaT  npaBoii  uacTBio.  IIpe,ii,nojio>KiiM,  hto  Hauajio  KOop/ymaT  HBjiaeTCH  oco6oi"i  toh- 
koh,  Bee  co6cTBeHHBie  uncjia  jiHHeftHoro  npubjiioKeHiii-r,  b  KOTopoii  hiicto  mhiimbi,  a  cooTBeTCTByroiiyie  uacTOTBi 
papnoHajiBHO  HesaBHCiiMhi.  IIpii  sthx  ycjiOBi-iax  ^OKa3BiBaeTCH,  hto  ecjin  HcxoyHaH  cucTeMa  iiMeeT  cjiyHKiyiio 
JlanyHOBa  c  onpeyejieHHBiMii  CBoftcTBaMH,  to  jiOKajiBHO  o6paTiiMOi"i  6ecKOHeuHO  yHcjDcjiepeHiyipyeMoii  3aMeHOi"i 
nepeMeHHBix  ee  mojkho  npiiBecTii  k  HopMajiBHoii  cjjopMe,  to  ecTB  k  Bimy,  xor^a  nocjie  nepexoya  k  nojiapHBiM 
KOopyimaTaM  npaBBie  uacTii  He  6yn,yT  3aBiiceTB  ot  yrjiOBBix  nepeMeHHBix.  TeM  caMBiM  nojiyueHO  o6o6iH,eHiie 
TeopeMBi,  ^OKasaHHoii  aBTopoM  b  [1]. 

H3Jio»ceHHBiH  pe3yjiBTaT  iiMeeT  aHajior  rjih  cjiynaa  kohchhoh  rjiayKOCTii,  6jiH3Ki-ie  yTBepjKyeHira  BepHBi  yjra 
^,Il4Kj)eOMOp4»I3MOB . 

JlHTepaiypa 

[1]  ToKapeB  C.n.  TjiaflKaa  SKBHBajieHTHOCTb  CHCTeM  flHfJxJjepeHiiiiajiBHBix  ypaBHeHiiii  Ha  njiocKOCTH  b  cjiyuae  Herpy6oro 
<J)OKyca.  -  ^h<J)4).  ypaBH.,  1977,  t.  13,  Ne5,  c.  892-897. 


Smooth  Reducibility  to  the  Normal  Form  in  One  Critical  Case 

Tokarev  S.P. 

The  Bonch-Bruevich  Saint-Petersburg  State  University  of  Telecommunications,  Russia 

A  set  of  ordinary  differential  equations  is  considered,  whose  right  hands  sides  are  infinitely  differentiable  in  the 
vicinity  of  the  the  origin  of  coordinates  which  appears  to  be  a  singular  point.  For  some  assumptions  about  the 
eigenvalues  and  frequencies  of  the  linear  approximation,  the  generalization  of  the  theorem  proved  by  the  author 
previously  is  given. 


HEJIHHEHHblE  JfH Q OEPEHIfHA  Jib HblE  yPABHEHHH  H  MX  nPHJIOMEHHH 
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3AAAHA  CTEOAHA-BAJ1JIE  riYCCEHA  AM  CHHryJIHPHbIX 
OAHOMEPHbIX  rnnEPBOJinHECKHX  CHCTEM  KBA3HJIHHEHHbIX 
YPABHEHHH  C  HACTHbIMH  nPOH3BOAHbIMH 

Ohjihmohob  A.M. 

Mocko6ckuu  eocydapcmeennuu  ynueepcumem  nymeu  cooUtyenun,  Poccuh 

B  1929  r.  Bajijie-IIycceH  paccMOTpeji  3a,n,aHy,  b  KOTopoii  Tpe6oBajiocb  nocTpoiiTB  na  OTpe3Ke  TaKoe  pememie 
o6biKHOBeHHoro  ^iicjacjaepeHpiiajiBHoro  ypaBHemiH ,  KOTopoe  ygOBjieTBopHjio  6bi  1n,onojiHHTejiBHBiM  ycjiOBHHM  b 
HeKOTopBix  3a,a,aHHBix  BHyTpeHHiix  Touxax  SToro  OTpe3Ka.  Ilo3>Ke  He3apn  paccMOTpeji  aHajior  stoh  3aq,aHii  rjih 
riinep6ojiiiHecKiix  ciiCTeM  KBa3iijiiiHeiiHBix  ypaBHeHiiii  c  uacTHBiMii  npoi-i3BO,n,HBiMii.  llpii  stom  qpnojiHHTejiBHBie 
ycjiOBiia  CTaBi-ijii-iCB  Ha  3a,n,aHHBix  «BpeMeHHBix»  cjiohx. 

Bo3MO»ceH  h  .npyroii  Kjiacc  3a,n,aH,  CBjraaHHBiii  c  Tax  HasBiBaeMoii  3a,n,aHeH  CTecJmHa.  B  stom  cjiyuae  o6jiacTB 
nocTpoemiH  pemeHira  .gejniTCH  Ha  ,n,Be  noq,o6jiacTii  Heii3BecTHOH  jiHHHefi,  Ha  KOTopoii  3a,n,aiOTCJi  qpnojiHHTejiBHBie 
ycjiOBHH.  06bihho  npe,n,nojiaraeTCJi,  hto  Ha  stoh  jihhhh  npoiicxo^iiT  cxanoK  pemeHira.  CpaBHiiTejiBHO  He,n,aBHO 
b  HexoTopBix  o6jiacTHx  <J)H3hkh  TBep,n,oro  Tejia  noHBiijiHCB  CBoeo6pa3HBie  rainepbojiiiHecKHe  cucTeMBi  KBa3Hjin- 
HeiiHBix  ypaBHeHiiii,  y  KOTopnix  uacTB  ceMeiicTB  xapaKTepiiCTiiK  HBjraeTCH  npuMBiMii  jihhhhmh,  nepneHqjiKyjrap- 
HBIMI-I  BpeMeHHOli  OCH.  ITpiI  3TOM  HeKOTOpBie  ^OnOJIHI-ITejIBHBie  yCJIOBIIH  CTaBHTCH  Ha  Iiei'I3BeCTHBIX  BHyTpeHHI-IX 
jihhhhx  (hto  po/pniT  3TH  3a,n,aHH  c  3a/i,aHeH  CTe<J>aHa) ,  na  kotopbix,  o^HaKO,  HeT  cxaHKa  pememra  (hto  po,h,hht 
3th  3aflaHii  c  3aq,aHeii  Bajuie-IIycceHa).  B  HacTomneii  pa6oTe  mbi  bbo^hm  iiobbih  Kjiacc  3aq.au,  hbjihiohi,hhch 
ecTecTBeHHBiM  o6o6memieM  BBirne  ynoMjmyTBix  (].)ii3H'iecKHx  saqau.  JpiR  stoto  Kjiacca  3aqaH  qoKa3aHa  TeopeMa 
o  jiOKajiBHOii  pa3pemiiMOCTH. 

PaboTa  noqqepiKaHa  POOH,  rpaHT  06-01-00356. 


Stephan  -  Vallee-Poussin  Problem  for  Singular  One  Dimensional  Hyperbolic 
Systems  of  Quasilinear  Partial  Differential  Equations 

Filimonov  A.M. 

Moscow  State  University  of  Communications,  Russia 

We  take  in  consideration  a  new  class  of  problems  which  related  with  Vallee-Poussin  problem  and  with  Stephan 
problem  for  one  dimensional  hyperbolic  systems  of  quasilinear  partial  differential  equations.  We  obtain  the 
theorem  of  local  existence  of  continuous  solution  of  this  problem.  We  discuss  some  physical  applications  too. 
The  work  was  supported  by  grant  RFBR  06-01-00356. 
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NONLINEAR  DIFFERENTIAL  EQUATIONS  AND  THEIR  APPLICATIONS 


O  BHYTPEHHHX  TOHKAX  MHO>KECTBA  YPABHEHHH 
C  OCOEbIMH  nEPHOAHHECKHMn  PEIHEHHHMH 

Hyprm  KD.B. 

CaHKm.-IJemepdypzcKuu  gocydapcmeennuu  ynueepcumem,  Poccuh 

Ilccjie^yH  Bonpoc  o  niicne  peineHHft  nepiio,n,a  u>  ypaBHemni  Bima 

x  =  xn  +  p1(t)xn~1  +  . . .  +pn(t),  (1) 

r,n,e  Pj{t)  —  BemecTBeHHBie,  w-nepiio/yiHecKHe  cjiyHKHHH,  ygOBneTBopmomne  ycjiOBiuo  .Hiinnmpa,  B.A.IIjihcc 
b  padoTax  [1]  h  [2]  noKa3aji,  hto  npn  ii3MeHeHiiii  KOScjjcjjimiieHTOB  pj  rjiaBHOii  iiphhhhoh  H3MeHeHiiH  3Toro 
nucjia  HBjiaeTCH  npeBpamemie  KaKoro-jin6o  H3  nenpepbiBHBix  nepnoflHnecKHx  pemeHHit  b  pa3pbiBHoe,  h  o6paTHo: 
npeBpamemie  KaKoro-jin6o  pa3pbiBHoro  nepiio/piHecKoro  pernem-ie  b  HenpepaiBHoe.  Pa3pBiBHBie  nepiicytH'iecKHe 
pemeHHH  yKa3aHHoro  Tima  B.A.njn-icc  HasBaji  oco6umu  nepuoduuecKUMU  pemenusiMU.  Bbo^h  ecTecTBeHHyio 
MeTpiiKy  b  MHO»cecTBe  ypaBHeHiiii  Bi-ma  (1),  A.n.BeryH  flOKa3aji,  hto  npn  n  >  3  no^MHOncecTBO  B  ypaBHeHiiii, 
o6jia^aiOHi,Hx  oco6bimii  i  r  ep  h  o;  t  h  h  e  c  k  h  m  h  pemeHiiHMii,  He  co^epiKiiT  BHyTpeHHiix  Tonex.  OKasBiBaeTCH,  hto  ^jih 
n  =  2  3to  He  Tax.  CcjDopMyjinpoBaHO  ycjiOBiie  toto,  hto6bi  ypaBHem-ie  (1)  hbjihjiocb  BHyTpeiineii  tohkoii  b  B ,  h 
npiiBe^eii  cooTBeTCTByiommi  npiiMep. 

JlnTepaTypa 

[1]  Yl.nucc  B.A.  O  Hiicjie  nepiiofliiuecKiix  pemeHiiii  ypaBHemia  c  nojiiiHOMiiajibHOH  npaBoii  uacTbio  / /  /fAH  CCCP,  1959. 
T.  127,  Ns  5.  C.  965-968. 

[2]  IIaucc  B.A.  HejiOKajibHbie  npo6jieMbi  Teoproi  KOjie6aHiiii.  M.:  HayKa,  1964.  320  c. 

[3]  Bezyn  A.TI.  HenjiOTHOCTb  MHOxcecTBa  ypaBHeHiiii  c  oco6bimh  nepHOflHHecKiiMii  pemeraaMH  //  ^ncjxhepeHi];.  ypaBHe- 
HHH.  1995.  T.  31,  Ns  8.  C.  1445-1446. 


On  Inner  Points  of  Manifold  of  Equations  with  Singular  Periodic  Solutions 

Churin  Yu.V. 

Saint  Petersburg  State  University ,  Russia 


The  condition  for  having  singular  periodic  solutions  of  Riccati  type  equation  and  all  nearly  equations  is 
determined.  The  example  of  equation  with  this  condition  is  constructed. 


HEJIHHEHHblE  fl. H&QEPEHIfHAJlbHblE  yPABHEHHH  H  MX  IIPM/IOsKEHMtl 
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HEJIHHEHHOCTb  —  nOPOKAEHHE  rJTOEAJlbHOCTn 
n  HEKOMMYTATHBHOCTH 

SKOBeHKO  r.H. 

MocKoecKuu  <pu3UKo-mexHUHecKuu  uHcmumym 
(eocydapcmeeHHUu  ynueepcumem) ,  /f OMonpydnuu ,  Poccuh 

/InHaMH'iecKHH  npopecc  MO^ejinpyeTCH  obbiKHOBeHHbiMii  ^i-KjKjjepeHpiiajibHbiMi-i  ypaBHeHHHMH.  llpopecc  CHirra- 
eM  jiHHefiHBiM,  ecjin  cyipecTByeT  Bbibop  nepeMeHHbix,  npii  KOToptix  ^HcJjcjDepeHpiiajibHbie  ypaBHemin  jiHHeftHbi. 
B  npoTiiBHOM  cjiyuae  —  npopecc  cmiTaeM  HejiiiHei"iHbiM.  Il3BecTHO  [1],  hto,  ecjin  y  HeaBTOHOMHOii  cncTeMbi 
o6biKHOBeHHbix  ^iicjjcJjepeHpiiajibHbix  ypaBHeHiiii  x  =  tp(t,  x),  x  £  Rn  b  o6jiacTii  O  C  Rn+1(t ,  x)  cyipecTByeT 
o6in,ee  pemeHiie  x  =  f(t ,  to,  Xo),  to  HeaBTOHOMHOii  3aMeHOi"i  nepeMeHHbix  y  =  /(to,  t,  x)  CHCTeMa  ynporpaeTCH 
,n,o  “^ajibHie  HeKyn,a”:  y  =  0.  H3BecTHO  [1],  hto,  ecjin  y  aBTOHOMHOH  cncTeMbi  o6biKHOBeHHbix  fliKjxjiepeHiiji- 
ajibHbix  ypaBHeHiiii  x  =  <fi(x),  x  €  R,"  b  o6jiacTii  O  C  Rn+1(t ,  x)  cyipecTByiOT  (JjyHKpiiOHajibHO  iie3aBiiCHMbie 
nepBbie  iiHTerpajibi  w\(x)  —  t  =  ci,  w^x)  =  C2,  . wn(x)  =  cn  (sto  npe,n,nojio>KeHHe,  b  uacTHOCTii,  cnpa- 
Be,n,jiHBO  b  OKpecTHOCTii  Heoco6oii  tohkii),  to  aBTOHOMHoii  3aMeHoii  nepeMeHHbix  y  =  w(x )  (w(x)  —  <J)yHKii,HH, 
onpe^ejHHomne  nepBbie  iiHTerpajibi)  CHCTeMa  npiiBO,n,HTCH  k  Bimy  y i  =  1,  yi  =  0,  =  0  (BbinpHMjiemie 

BeKTopHoro  nojia  <p(x)).  TamiM  o6pa30M,  npn  ecTecTBeHHbix  npe,n,nojio>KeHH5ix  ecTb  npirapiiniiajibHaH  bo3mo>k- 
hoctb  b  HeKOTopoii  o6jiacTii  O  C  Rn+1(t,  x)  aBTOHOMHoii  hjhi  HeaBTOHOMHOii  3aMeHoii  nepeMeHHbix  MO,n,ejib 
cymecTBeHHO  ynpocTi-iTb,  to  ecTb  ncxo^Hbiii  npopecc  —  jnmeeH  (jiOKajibHo!). 

IlycTb  ^HHaMimecKHii  npopecc  MO^ejinpyeTCH  cenapa6ejibHOi"i  cucTeMoii  o6biKHOBeHHbix  ^ncjicjiepeHpHajib- 
Hbix  ypaBHeHiiii  x  =  ui(t)ipi(x)  +  •  •  •  +  um(t)ipm(x),  x  €  Rn,  Uk  £  R1  ■  Taxue  MO^ejiH  thhhhhbi  pjm  ynpaBjine- 
mbiXj  B03Myiii,eHHbix,  po6acTHbix  npopeccoB.  Kaacfloe  BeKTopHoe  none  <Pk{x)  b  npiiBe^eHHbix  npe^nojioJKeHi-isix 
mojkho  BbinpHMiiTb  aBTOHOMHoii  3aMeHoii  nepeMeHHbix.  Cnpami-iBaeTCH,  mojkho  jih  aBTOHOMHoii  3aMeHoii  ne¬ 
peMeHHbix  x  y  ynpocTHTb  coBOxynHOCTb  BexTopHbix  nojieii  ipk(x).  CiJiopMyjHipyeM  ,n,Ba  pe3yjibTaTa  [2]  c 
i-icnojib30BaHi-ieM  onepaTopoB  Xk  =  ifk{ x)dx  h  KOMMyTaTopoB  [Xj ,  Xk\h(x)  —  XiXkh(x)  —  XkXih(x). 

1.  Cenapa6ejibHyio  cucTeMy  npii  m  ^  n  aBTOHOMHoii  3aMeHOi"i  nepeMeHHbix  y  =  g{x)  mojkho  npiiBecTH  k 
Bimy  i)i  =  Ui(t),  i  =  1,  to,  i/i  =  0,  i  =  m  +  1,  n  (Bee  BexTopHbie  nojia  BbinpHMjieHbi)  b  tom  ii  tojibko  b  tom 
cjiynae,  ecjin  BbinojiHHeTCH  [Xj ,  Xk]  =  0,  i,  k  =  1,  m  (onepaTopbi  Xk  KOMMyTiipyiOT) . 

2.  Cenapa6ejibHyio  cucTeMy  npii  m  =  n  +  1  aBTOHOMHoii  3aMeHOi“i  nepeMeHHbix  y  =  g(x)  mojkho  npi-iBecTi-i  k 
jiHHeiiHOMy  Bii^y  y  =  U\(t)Ax  +  u(t ),  x,  u  £  Rn,  u\  £  R1,  b  tom  h  tojibko  b  tom  cjiynae,  ecjin  BbinojiHueTCH 

_  n+1 

[Xj,  Xk]  =0,  i,  k  =  2,  n  +  1,  [Xj,  Xi]  =  aj^j  (onepaTopbi  X2,  . . . ,  Xn+i  KOMMyTiipyiOT  h  hbjijhotch 

3= 2 

6a3iicoM  n^eajia  b  ajire6pe  Jin  c  6a3iicoM  Xi,  . . . ,  X„+1). 

TaKiiM  o6pa30M,  ^jih  Toro,  hto6m  cenapa6ejibHaH  MO^ejib  npiiBO^njiacb  k  JiHHeiiHOMy  Bii^y  (npopecc  jiiiHe- 
eH!)  Tpe6yeTCH  KOMMyTaTiiBHOCTb  (hjih  nonTii  KOMMyTaTiiBHOCTb)  BeKTopHbix  nojieii,  onpe^ejunomiix  ypaBHemiH 
Mo^ejiH. 

PaSoTa  noAHep»caHa  POOH  (npoeKT  05-01-00940). 
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Nonlinearity  as  a  Result  of  Globality  and  Noncommutativity 

Yakovenko  G.N. 

Moscow  Institute  of  Physics  and  Technology ,  Dolgoprudny,  Russia 

The  system  of  the  ordinary  differential  equations  in  a  normal  form  by  nonsingular  transition  to  other  variables 
is  locally  reduced  in  the  system,  which  in  a  right  member  has  numbers.  The  system,  for  which  the  right  member 
is  a  linear  combination  of  vector  fields  with  variable  coefficients,  by  a  change  of  variables  is  locally  reduced  in 
linear  sort,  if  the  field  of  vectors  commute.  Otherwise  —  globality  and/or  noncommutativity  —  the  system  to 
linear  sort  is  not  reduced. 
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MATHEMATICAL  MODELING 


MATEMATHHECKOE  MOffEJIHPOBAHHE  B  ECTECTBEHHBIX, 
TEXHII HECKHX  H  PYMAHHTAPHBIX  HAYKAX 

MATHEMATICAL  MODELING  IN  NATURAL,  TECHNICAL  AND 

HUMANITARIAN  SCIENCES 


THE  GENERALIZED  MODEL  OF  CONSUMER  DEMAND 
WITHOUT  A  UTILITY  FUNCTION 

Gorbunov  V.K. 

Ulyanovsk  State  University,  Russia 

The  contemporary  theory  of  consumer  demand  (CD)  is  developed  on  the  basis  of  concept  of  the  binary  preference 
relation  that  is  complete,  transitive  and  continuous  [1,  2].  These  properties  in  aggregate  provide  existence  of  a 
continuous  ordinal  utility  function  being  the  indicator  of  the  given  preference  relation.  Accordingly,  the  rational 
behavior  of  consumers  is  modeled  as  maximization  of  an  ordinal  utility  function.  Properties  of  completeness 
and  transitivity  are  restrictive  for  modeling  real  effects  of  a  consumer  choice,  and  many  researchers  last  decades 
undertake  attempts  of  revision  of  the  CD  theory  on  the  basis  of  refusal  from  these  properties.  The  most  known 
result  in  this  direction  by  A.Mas-Colell  (1974)  [3]  is  an  abstract  model  that  allows  proving  the  existence  of  the 
demand  correspondence,  but  the  analytical  instruments  for  the  decision  of  applied  problems  within  this  model 
is  not  created  yet. 

In  our  modification  of  the  CD  model  [4]  instead  of  the  complete,  transitive  and  continuous  preferences 
relation,  or  instead  of  a  utility  function,  the  vector  field  of  consumer  preferences  is  entered.  Components  of  the 
field  have  a  meaning  of  relative  values  of  the  goods,  and  their  paired  relations  have  a  meaning  of  corresponding 
marginal  rate  of  substitution.  This  field  monotonously  non-decreasing.  The  principle  of  an  optimality  of  a 
consumer  choice  corresponds  to  the  second  Gossen’s  law  in  Hicks’  interpretation  [1,  2],  The  demand  functions 
generated  by  a  held  of  preferences  have  almost  all  fundamental  properties  of  the  classical  theory,  except  of 
symmetry  of  Slutsky  matrix.  In  the  case  of  potentiality  of  the  preferences’  held,  its  potential  is  a  utility  function, 
and  the  new  model  coincides  with  the  classical  one. 
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EVALUATION  OF  LYAPUNOV  EXPONENTS  IN  GENERALIZED  LINEAR 

STOCHASTIC  DYNAMICAL  SYSTEMS 

Krivulin  N.K. 

Saint  Petersburg  State  University,  Russia 

The  dynamics  of  many  actual  systems  in  engineering,  manufacturing,  communications,  and  other  areas  can  be 
represented  through  a  vector  state  equation,  which  proves  to  be  linear  in  some  idempotent  algebra  [1],  and  has 
a  random  state  transition  matrix.  In  the  analysis  of  these  systems,  the  mean  (asymptotic)  growth  rate  of  the 
system  state  vector  normally  referred  to  as  Lyapunov  exponent,  presents  one  of  the  main  performance  measures 
of  interest. 

Exact  evaluation  of  the  exponent  may  appear  to  be  a  difficult  computational  problem  even  for  quite  simple 
systems.  The  related  results  are  mainly  limited  to  systems  of  second  order.  Among  them  is  the  solution  presented 
in  [2]  for  the  system  with  the  state  transition  matrix  having  all  its  entries  independent  and  exponentially 
distributed  with  unit  mean.  Another  result  has  been  obtained  in  [3]  for  a  symmetric  matrix  with  diagonal 
entries  independent  and  exponentially  distributed  with  unit  mean,  and  the  off-diagonal  entries  equal  to  zero. 

For  systems  of  arbitrary  order,  the  Lyapunov  exponents  have  been  calculated  in  the  case  when  the  entries 
of  the  state  transition  matrix  are  all  identically  distributed  with  either  a  normal  distribution  [4]  or  a  discrete 
uniform  distribution  [2] .  In  [5]  the  exponent  is  evaluated  for  the  system  with  triangular  matrix  provided  that  its 
random  entries  have  arbitrary  probability  distributions  with  finite  mean  and  variance,  and  may  be  dependent. 

In  the  current  paper,  we  extend  some  results  in  [2,3]  for  second-order  systems  to  cover  more  general  cases  of 
the  state  transition  matrix  with  independent  and  exponentially  distributed  random  entries.  First,  we  evaluate 
the  Lyapunov  exponent  for  the  case  of  symmetric  matrix  when  the  diagonal  entries  have  the  distributions 
with  different  parameters.  Furthermore,  the  case  is  considered  when  the  diagonal  entries  have  one  common 
distribution,  whereas  the  off-diagonal  entries  have  another  distribution.  Finally,  we  examine  a  general  system 
with  the  matrix  having  all  its  entries  exponentially  distributed  with  arbitrary  parameters.  It  is  shown  that 
evaluation  of  the  Lyapunov  exponent  in  that  case  can  be  reduced  to  solution  of  linear  algebraic  system  followed 
by  calculation  of  a  linear  functional  of  the  solution. 

The  work  was  partially  supported  by  the  Russian  Foundation  for  Basic  Research,  Grant  06-01-00763. 
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SENSITIVITY  ANALYSIS  OF  NONLINEAR  SYSTEMS  VIA 
WAVELET  TRANSFORM 

Musolino  A.,  Rizzo  R. 

Department  of  Electrical  Systems  and  Automations,  University  of  Pisa,  Italy 

Physical  systems  may  (and  usually  do)  perform  not  exactly  according  to  the  design  because  of  several  reasons 
such  as  tolerance  of  their  elements,  environmental  effects  (temperature,  humidity  etc.)  and  aging.  The  design 
process  should  include  an  analysis  of  the  effects  of  the  parameters  variation  on  the  overall  system  response. 
With  the  term  "response  of  a  system"  we  indicate  either  the  value  of  a  single  quantity  (e.g.  the  efficiency  of  a 
system)  or  a  characteristic  function  of  the  system. 

Sensitivity  analysis  provides  a  first  order  approximation  of  the  variation  of  system  performance  with  respect 
to  the  parameters’  variation.  The  transient  sensitivity  of  nonlinear  systems  is  a  challenging  problem  as  it  may 
require  substantial  amount  of  storage  and  CPU  time  also  on  modern  computers.  A  discussion  about  the  related 
drawbacks,  for  example  in  the  theory  of  circuits,  is  reported  in  [1]  where  an  efficient  but  approximate  method 
for  the  sensitivity  evaluation  in  the  time  domain  is  introduced.  The  same  problem  is  also  addressed  in  [2,  3] 
where  the  authors  treat  the  nonlinearities  by  the  harmonic  balance  and  the  circuits  are  in  periodic  steady  state. 

In  this  paper  we  propose  an  innovative  method  based  on  the  adjoint  system  for  the  sensitivity  analysis  of 
nonlinear  systems.  Although  the  presented  procedure  is  developed  in  the  field  of  the  electrical  circuits,  it  can 
be  easily  extended  to  a  wide  class  of  dynamic  nonlinear  systems.  A  wavelet  [4]  based  description  of  frequency 
dependent  devices  is  used  [5].  Because  of  their  generality  and  easiness  of  use,  the  scattering  parameters  are 
adopted  to  represent  linear  frequency  dependent  N-ports  while  nonlinearities  are  inherently  described  in  the 
time  domain.  A  wavelet  balance  approach  is  then  employed  to  convert  the  original  system  of  differential  equations 
into  a  nonlinear  algebraic  system.  The  sensitivity  analysis  of  the  solution  of  this  latter  system  is  then  approached 
by  the  adjoint  system  method. 

The  harmonic  balance  and  its  modifications  are  a  well  established  set  of  techniques  for  the  periodic  steady 
state  analysis  of  nonlinear  circuits.  With  the  harmonic  balance  the  linear  components  are  evaluated  in  the 
frequency  domain,  thus  obtaining  reduced  computational  times  especially  for  distributed  devices  (i.e.  transmis¬ 
sion  lines,  microstrips,  waveguides).  Substantially  the  harmonic  balance  converts  a  set  of  differential  equations  in 
a  nonlinear  algebraic  system  that  can  be  solved  for  the  periodic  steady  state  solution  of  the  original  differential 
equations.  Once  the  algebraic  system  is  obtained  the  adjoint  system  method  described  in  [6]  allows  the  evaluation 
of  the  sensitivities.  The  adjoint  based  approach  is  a  classical  method  for  sensitivity  analysis  of  linear  and 
nonlinear  circuits;  as  known  two  system  analysis  are  sufficient  to  obtain  the  sensitivities  of  the  response  of 
a  circuit  regardless  the  number  of  design  parameters.  When  analyzing  nonlinear  circuits  the  adjoint  system  is 
obtained  from  the  Jacobian  of  the  last  iteration;  if  its  LU  decomposition  is  available  the  computational  overhead 
for  sensitivity  analysis  is  reduced  to  the  evaluation  of  the  Fourier  transforms  of  all  the  time-domain  derivatives 
at  the  nonlinear  element  level. 

The  sensitivity  analysis  of  nonlinear  circuits  in  transient  behaviour  is  more  complex  especially  in  presence 
of  frequency  dependent  devices.  In  these  cases  the  time  domain  equations  would  contain  convolution  integrals 
and  the  harmonic  balance  is  not  immediately  applicable. 

The  hierarchical  approach,  commonly  used  in  the  description  of  the  linear  parts  of  the  circuits  by  modern 
microwave  CAD,  makes  the  analysis  very  efficient.  At  the  highest  level  of  hierarchy  the  overall  system  is  reduced 
to  a  linear  N  port  circuit  loaded  by  the  nonlinear  devices  and  fed  by  the  independent  sources.  The  sensitivity 
formulas  reported  and  the  adopted  hierarchical  approach  allow  obtaining  an  elegant  expression  of  the  sensitivity. 
Furthermore  the  properties  of  the  basis  functions  of  the  Multi  Resolution  Analysis  (MRA)  [7,  8]  and  the 
availability  of  analytic  expression  of  the  wavelet  transforms  of  the  time-domain  derivatives  at  the  nonlinear 
element  level  make  the  proposed  method  computationally  efficient  both  in  term  of  CPU  times  and  memory 
requirements.  Throughout  the  paper  the  Daubechies  wavelets  on  the  interval  will  be  used  and  the  sensitivity  of 
nonlinear  circuits  in  transient  behaviour  will  be  addressed. 
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INFLUENCE  OF  THE  DISPERSION  IN  MATHEMATICAL  MODELS 

Prozorova  E.V. 

Saint  Petersburg  State  University,  Russia 


The  mathematical  modeling  of  different  phenomena,  roughly  speaking,  can  be  reduced  to  the  solution  of  two 
problems:  physical,  that  is  creation  of  adequate  model,  and  mathematical,  that  is  formulation  of  the  problem  and 
the  development  of  the  solution  method.  The  most  bright  interaction  of  these  aspects  appears  for  the  Boltzmann 
equation,  both  for  classical  and  modified  ones  [1-3].  Deriving  the  Boltzmann  equation,  one  has  a  truncation 
error  which  is  proportional  to  the  product  of  the  free  path  for  the  particle  velocity  by  the  time  increment  and 
by  the  gradients  of  the  distribution  function.  By  using  the  mean  free  path,  we  have  the  macroscopic  equation 
for  some  velocity  of  molecules  and  one  must  use  the  velocity  of  considered  molecule. 

Another  problem  for  the  solving  of  this  equation  is  the  asymptotical  methods.  It  is  essential  that  selecting  the 
local  equilibrium  distribution  function  fo  as  the  basis  in  solution  of  the  Boltzmann  equation  by  the  Chapman- 
Enskog  method.  Then  tensor  P  is  symmetric.  Formally  in  that  way  we  have  values  (density,  linear  moment, 
energy)  with  an  error  of  the  first  order.  This  fact  was  noted  by  Hilbert  without  further  use  and  correction 


=  n  7  exp{~^c2}’  (c2  =  c\  +  4  +  4)  =  (£-  uf 


As  the  movement  of  the  body  is  investigated  in  coordinates  connected  with  the  body  it  is  the  more 
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Besides  that,  it  is  essential  for  the  value  of  viscosity  consisted  of  two  terms:  one  is  traditional  and  second  appeared 
from  the  calculation  P,j.  So  it  is  necessary  to  do  iterations  for  all  values  (density,  linear  moment,  energy).  But 
in  theory  of  the  classical  Boltzmann  equation  we  have  not  the  second  term.  Tensor  P  is  entering  as  p  in  the 
Euler  equations  and  as  symmetric  tensor  in  the  Navier-Stokes  equations.  Consequently  the  theoretical  p  is  not 
equal  to  p  for  the  macroscopic  Euler  equations.  Numerical  solution  of  the  Boltzmann  equation  does  not  have 
those  mistakes.  Numerical  networks  received  from  variation  of  functional  are  optimality  do  not  coincide  with  the 
received  from  networks  which  are  building  at  base  of  different  equations.  Then  we  have  additional  dissipation 
of  energy  and  a  more  wide  matrix.  As  an  example  we  can  consider  the  Heviside  function.  The  present  study 
confirms  questions  mentioned  above. 

References 

[1]  E.V.  Prozorova.  Influence  of  dispersion  in  mechanics.  Seventh  International  Workshop  on  Nondestructive  testing  and 
Computer  Simulations  in  Science  and  Engineering.  Proceedings  of  SPIE,  Washington,  V.  5400,  2003,  pp.  212-219. 

[2]  E.V.  Prozorova,  Influence  of  the  dispersion  on  some  structures  in  solids  and  fluids.  Eighth  International  Workshop 
on  Nondestructive  testing  and  Computer  Simulations  in  Science  and  Engineering.  Proceedings  of  SPIE,  Washington, 
V.  5831,  2004,  pp.  174-177. 

[3]  E.V.  Prozorova.  The  influence  of  dispersion  in  problem  of  aerodynamics.  Mathematical  Modeling,  N9  6,  2005,  pp.  13-20 
(Russian) 


256 


MATHEMATICAL  MODELING 


NUMERICAL  MODELING  OF  AN  UNSTEADY  GLASS 
FIBER  DRAWING  PROCESS 
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In  real  conditions  the  glass  fiber  drawing  process  appears  as  unsteady.  There  exist  different  sources  of  disturban¬ 
ces,  e.g.  draw  velocity  and  temperature  fluctuations,  take-up  velocity  variations  etc.  The  disturbances  provoke 
undesirable  variations  of  the  fiber  diameter. 

We  present  numerical  results  on  the  propagation  of  disturbances  downstream  the  fiber.  The  applied  non- 
isothermal  fiber  model  is  based  on  a  system  of  coupled  one-dimensional  continuity,  momentum  and  heat  transfer 
equations.  In  the  latter  the  effects  of  heat  convection  and  heat  radiation  cooling  are  included  together  with  the 
axial  heat  transfer.  The  momentum  equation  is  written  for  temperature  dependent  viscosity  and  additionally 
takes  into  account  the  effects  of  gravity,  surface  tension  and  air  drag. 

The  problem  is  treated  as  unsteady,  reflecting  the  response  of  the  fiber  to  time  dependent  boundary 
conditions.  A  numerical  scheme  is  proposed,  using  spline  approximation  of  the  unknown  functions  and  their 
space  derivatives. 

The  time  dependent  axial  profiles  of  the  fiber  radius,  axial  velocity  and  temperature  are  analyzed  as 
originated  from  different  sources.  The  Fourier  spectrum  of  the  fiber  radius  response  is  calculated  and  analyzed, 
provided  the  drawing  process  operates  in  stable  conditions. 

The  above  described  approach  is  extended  to  study  the  fiber  instability  in  the  draw  resonance  zone.  In  the 
latter  self  sustained  perturbations  appear,  provoking  periodical  variations  of  the  fiber  radius.  The  critical  values 
of  the  draw  ratio  parameter  are  obtained  as  function  of  the  Stanton  number  as  well  as  of  the  radiative  transfer 
coefficient,  when  keeping  the  remaining  governing  parameters  fixed.  Our  results  are  compared  to  the  available 
results  of  some  other  authors  listed  below. 
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ON  A  METHOD  OF  THE  INVESTIGATION  OF  DYNAMIC 

ECONOMIC  MODELS 

Simonov  P.M. 

Perm  State  University,  Russia 

A  new  approach  to  investigation  of  differential  equations  with  aftereffect  is  considered  in  the  report.  Modifi¬ 
cations  of  some  well-known  models  of  micro-  and  macroeconomics  are  proposed.  Effective  sufficient  stability 
conditions  of  such  models  are  demonstrated. 

In  the  last  50  years  models  with  delay  (with  lag,  with  aftereffect)  are  applied  in  all  sciences:  from  mechanics 
to  sociology.  These  models  are  more  adequate  for  miscellaneous  processes  of  reality.  One  of  central  problems 
is  the  problem  of  the  correctness  or  the  stability  of  models.  Academician  N.N.  Krasovskii  has  elaborated  and 
has  extended  to  the  given  subjects  Lyapunov’s  second  method.  In  our  research  an  other  approach  is  offered. 
This  approach  has  received  the  title  a  "method  of  elementary  models"  (a  "method  of  model  equations").  Ideas 
of  the  method  may  be  found  in  classical  publications  of  J.  Liouville  as  well  as  in  some  works  of  G.  Fubini  and 
F.G.  Tricomi.  Mathematicians  from  Perm  (N.V.  Azbelev  and  his  colleagues)  offered  the  investigation  method 
based  on  a  reduction  of  a  differential  equation  to  an  operator  equation  of  the  second  kind.  As  a  result,  it  has 
become  possible  to  study  the  linear  differential  equation  with  delay  by  methods  of  the  linear  functional  analysis. 
The  new  approach  allowed  one  to  reduce  both  differential  equations  with  delay  and  boundary  value  problems 
for  them.  Subsequently  these  methods  of  transformation  and  the  research  of  differential  equations  were  called 
as  the  IT— method  of  Azbelev.  Then  this  idea  has  been  applied  to  the  problem  of  stability. 

In  our  report  we  describe  some  models  of  microeconomics  and  macroeconomics.  The  elementary  models 
method  is  applicable  to  these  models.  All  of  these  have  the  inertial  delay  with  the  finite  transient  period.  We 
offered  the  model  of  such  time  delay  between  an  input  process  and  an  output  process  in  the  form  of  the  linear 
differential  equation  with  piecewise  constant  argument  (step  argument) 

Ty(t)  +y([t/T})  =  x(t),  t<  0, 

where  x(t)  is  an  input  process,  y(t)  is  an  output  process,  [a]  is  the  integer  part  of  a  number  a.  In  all  models 
such  inertial  delay  with  piecewise  constant  argument  (IDPCA)  was  taken  into  account.  In  some  models  there 
are  also  other  new  features.  We  shall  consider  in  detail  some  models  of  macroeconomics.  For  example,  in  the 
neoclassical  nonlinear  one-sector  model  of  F.P.  Ramsey,  R.M.  Solow,  and  T.  Swan  (RSS)  of  dynamics  of  the 
gross  domestic  product  (GDP)  there  is  used  the  idea  by  the  paper  of  V.E.  Nakoryakov,  and  V.G.  Gasenko  about 
the  separation  on  the  investments  in  the  fixed  assets  (in  the  fixed  capital)  and  the  induced  investment  in  the 
current  assets  (in  the  working  capital).  Last  investments  are  determined  by  the  link  of  the  GDP  accelerator. 
In  the  neoclassical  nonlinear  model  of  W.-B.  Zhang  of  the  GDP  dynamics  there  is  used  the  IDPCA  between 
an  input  of  the  investments  and  the  formation  of  the  human  capital.  In  the  neoclassical  nonlinear  model  of 
H.  Uzawa  and  R.E.  Lucas  (jr.)  for  the  dynamics  of  the  GDP  and  the  human  capital  are  entered  the  similar 
delays.  In  the  neoclassical  nonlinear  one-sector  model  of  J.  Tobin  and  M.  Sidrauski  of  the  GDP  dynamics  with 
regard  for  the  money  market  there  are  considered  the  static  and  the  adaptive  expectations  of  inflation,  including 
the  adaptive  expectations  of  inflation  of  IDPCA  type.  In  all  models  the  general  production  functions  are  used. 
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OnTHMH3AD;HH  flHHAMHKH  JIA  C  HCIIO  JIb30BAHHEM 
moaejik  cnnPAJibHoro  nporH03A 

AjieKcaH,zi,poB  A. A.,  Ka6aHOB  C.A. 

BaAmuucKuu  socydapcmeennuu  mexHunecnuu  ynueepcumem 
BOEHMEX  um.  JA-  O.  Ycmunoea,  CaHKm-EIemep6ypz ,  Poccua 

PaccMaTpiiBaeTCH  3a^3,ana  ynpaBjieHiia  jieTaTejiBHBiM  annapaTOM  (JIA)  npii  noca,a,Ke  c  yueTOM  o rpaH h t re h h h  Ha 
ynpaBjiemie.  B  KauecTBe  nporH03iipyK>iu,eii  MO^ejin  ^jia  npocTpaHCTBeHHoro  TpaeKTopHoro  ^bh>k6hhm  jieTa- 
TejiBHoro  annapaTa  KaK  TBep,n,oro  Tejia  iicnojiB3yeTca  MO,a,ejiB  cmipajiBHoro  ^BiiaceHiia  (cmipajiBHBiH  nporH03). 

3a  ynpaBjieHiia  pjisi  TaKofi  cucTeMBi  npimi-iMaiOTCH  bgktopbi  neperpy3Kii  h  yrjiOBoii  ckopocth,  iijih  hx  npo- 
H3BO,a,HBie  no  BpeMemi  [1,  2]. 

Tanaa  cjropMa  MO,n,e.jiH  paccMaTpiiBajiacu  iipu  o6ecneneHiin  aBTOMaTH3iipoBaHHOH  noca,a,KH  B03Bpani,aeMBix 
KOCMH'iecKHx  aeTaTejiBHBix  annapaTOB  c  HcnojiB30BamieM  mcto^ob  onTHMiisapiii-i  no  Kpi-iTepi-no  KpacoBCKoro 

[3,4]. 

CnHTe3  onTHMajiBHoro  ynpaBjiemiH  c  yneTOM  orpaHnnemin  no  npimpimy  MaKcriMyMa  CBO,a,HTca  k  pememno 
,ii,ByxTonenHOH  KpaeBoii  3a,a,anH.  ripn  stom  BBinncjniTejiBHaa  TpygoeMKOCTB  bo  MHoroM  onpe^ejiaeTca  Heo6xo- 
,ii,hmoctbk>  nncjienHoro  nHTerpiipoBamiH  chctgmm  KaHomraecKiix  ypaBHemiii. 

Ha  ynacTKax  c  npe^ejiBHBiM  ynpaBjiemieM  iicnojiB3yiOTCJi  aHaanTiinecKne  cooTHomeHna  ,a,jia  nporao3npye- 
mbix  KOMnoHeHT  BeKTopa  cocToaHiia,  hto  o6jiemaeT  pemenne  KpaeBoii  3a,n,ami.  Oco6oe  ynpaBjiemie  Haxo,a,HTca 
H3  ycjiOBna  paBeHCTBa  Hymo  btopbix  npoii3BO,n,HBix  no  BpeMemi  ot  upouaBO/tHOH  i mi u  j  i  bto  h  h  a  h  a  no  ynpaBjie- 
hhio.  9to  ycaoBiie  npnBO,ii,HT  k  HeanHenHBiM  aare6pannecKHM  ypaBHemiaM. 

noayneHHoe  pememie  no3BOJiaeT  ncnojiB30BaTB  MaHeBpeHHBie  bo3mo>khocth  .JIA  b  ciiTyapnax  c  jkcctkhmh 
o i  paH h ' i eH h a m n  Ha  ynpaBjiemie.  Oho  ,n,onycKaeT  peajiH3aii,Hio  b  TeMne  nojieTa. 

JlnTepaTypa 

[1]  KpacoBCKiiii,  A. A.  Ochobbi  ajiropiiTMuuecKoro  o6ecneaeHna  cncTeM  aBTOMaTnnecKoro  ynpaBjieHnn  nojieTOM  c  rjiy- 
6okoh  HHTerpapiieH.  M.:  HaynHun  coBeT  AH  PCOCP  no  KOMnaeKCHoii  npo6aeMe:  Kn6epHeTHKa,  1992,  c.  6-30. 

[2]  KpacoBCKiiii,  A. A.  MeTOfl  6biCTporo  nncaeHHoro  nHTerpiipoBaHnn  oflHoro  Kaacca  juiHaMimecKnx  cncTeM  //  H3BecTna 
AH  CCCP.  TexHnnecKaa  unbepHeTiiKa.  1989.  Nel.  c.3-14. 

[3]  Ka6aHOB,  C.A.  YnpaBaemie  cncTeMaMH  Ha  nporao3npyiomHx  Moaeaax.  Cn6ry,  1996. 

[4]  Wang,  H.M.,  Kabanov,  S.A.  Optimal  control  of  the  Return  of  a  Flying  Object  on  the  Hierarchy  of  Criterion  of  Quality 
/ /  2002  FIRA  Robot  World  Congress.  Seoul,  Korea. 


Optimization  of  the  Flying  Object  Dynamics  Using  Spiral  Prognosis  Model 

Aleksandrov  A. A.,  Kabanov  S.A. 

Baltic  State  Technical  University  "Voenmech" ,  Saint  Petersburg,  Russia 

The  problem  of  control  of  flying  object  boarding  with  account  of  restrictions  on  control  is  considered  in  this 
paper.  The  solution  is  built  on  Pontriagin’s  principle  of  maximum  with  use  the  spiral  prognosis  models  of  the 
air  ship  motion. 

The  obtained  solution  allows  to  use  manoeuvrable  capabilities  of  flying  object  in  situations  with  stringent 
restrictions  on  control. 
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OB  OAHOH  CMEIHAHHOH  3AAAHE  MEXAHHKH  rPYHTOB 

AjiTfaiHSeKOB  III.,  HMaH6aeB  H.C.,  Hnn3BiM6eTOB  A.,ZJ. 

IUuMKeHmcKuu  uHcmumym  MecHcdynapodnoBO  Kasaxcno-rnypeynoeo 
ynueepcmema  um.  X.A.  Hcaeu,  Ka3axcmau 

B  pa6oTe  iiccjie^OBaHO  pacnpocTpaHemie  bojih  b  Heo,n,Hopo,ii,HOH  3eMjiHHOH  cpe^,e  h  hx  bjihkhuc  na  npopecc 
ynjiOTHeHiiH  rpyHTOB.  PemeHBi  cjie^yromiie  HananBHO-KpaeBBie  3a^3,ami: 

u  ^  d  f  du  \ 

=  C(x,t,u,H)L(u),  L  =  {Ksg^r)  >  x=(x1,x2,x3),teIfT, 

s=l  s  \  s / 

U  =  (x,n)  =  <Pi(x),  Ut(x,Ti)  =  ip2(x),  XGD, 

r\ 

±Ks(x,t,  u,H)-^~  +  X^a)u  |r=  ipi(x,t)  |r, 

Ti  <  t  <  T  <  oo,  5*  =  1,2,3;  a  =  1, 2, 3, 

IfT  =  Ex(ji  <t<T<  oo),  D  =  (— ?!  <  Xi  <  Zi,  — 12  <  x2  <  l2,  0  <  x3  <  h), 
dH  ^  Q  /  \ 

—  =  Cv(x,t,H,u)L(H),  L  =  ^— (K<t,s—\  ,  x=(x1,x2,x3),teIfT, 

S= 1  S  \  S / 

H  =  (x,^)  =  H0(x),  x  G  D, 

d  H 

±K4>s(x,t,H,u)—  +x{£sH  lr=  tp2 (x,t)  |r, 

ti  <  t  <  T  <  oo,  S'  =  1, 2, 3;  a  =  1, 2, 3, 

ffT  =  Dx(t\  <t<T<  oo),  -D  =  (— Zi  <  a’i  <  Zi,  — Z2  <  x2  <l2l  0  <  x3  <  h) . 

06ocHOBaHBi  mgto,ii,bi  hx  peineHira:  MeTO^,  HTepapHH,  MeTOfl  cyMMapHOH  a m i po kc h m a  h  h h ,  MeTO,a,  nporoHKii.  Hc- 
cjie,a,OBaHa  norpemHOCTB,  ycToimiiBOCTB  h  cxo,h,hmoctb  stiix  MeTO,a,OB. 

About  one  Mixed  Problem  of  Ground  Mechanics 

Altynbekob  S.,  Imanbaev  N.S.,  Nijazymbetov  A.D. 

Shymkent  Institute  of  the  International  Kazakh  -  Turkish  University  after  H.A.  Jasavi,  Kazakhstan 

In  this  work,  the  statement  of  a  mixed  problem  of  ground  mechanics  is  formulated,  and  methods  for  its  solution 
are  proposed.  Distribution  of  waves  in  a  non-uniform  earthen  environment  and  their  influence  on  the  process  of 
ground  condensation  are  investigated. 
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O  HOBOM  nOAXOAE  K  HAEHTMHKAIJHn  IIOJTHHOMOB  BOJlbTEPPA 
Anappim  A.C.,  Cojio^yma  C.B.,  CnnpneB  B.A.,  IIJep6HHHH  M.C. 

MHcmumym  cucmeM  anepzemuKU  um.  JI.A.  MeAeumbeea  CO  PAH,  Poccua 


B  [1]  H3Jio>KeH  cnoco6  h;  te  ht  h  <R  h  xa  n  h  h  smep  BojibTeppa  b  metcm arr h  nee ko h  MO^ejin 

N 

=  Y 

771—1 

,a,aiomeii  npe,a,CTaBjieiiiie  OTxjmxa  y(t)  HejiHHeftHoit  .zpiHaMHHecxoH  ciiCTeMBi  Tima  uepHoro  jim,Hxa  na  bxo,h,hoh 
curHaji  x(t).  He,n,ocTaTOK  no,oxo,z;a  [1]  3axjnoHaeTCH  b  tom,  hto  MHoroMepHBie  iiHTerpajiBHBie  ypaBHemm  Bojib- 
Teppa  I  po,n,a,  k  kotopbim  cbo^htch  h;  i;e  h  thc})  h  xa  h  h h  Km,  HMeiOT  pememiH  b  HyjxHBix  Kjiaccax  cjiyHxnHH  npii 
BecBMa  o6peMeHiiTejiBHBix  ycjiOBirax  pa3peniHMOCTH.  0/i,Haxo  pjisi  pejieii  nporH03iipoBaHira  peaxipiH  ci-iCTeMBi 
Ha  to  ruin  imoe  BHemHee  B03Mym,eHiie  3HaHiie  caMiix  Km,  BOo6m,e  roBopa,  h36bitohho.  IIpii  ,n,ocTaTOHHO  MajiOM 
mare  ceTxn  h  mohcho  annpoKCHMi-ipoBaTB  MHoroMepHBie  CBepTxn  b  (1)  corjiacHO  product  integration  method  [2] 
h  nepei“m-i  ot  (1)  k  xoHCTpyxpiiH 


t  t 

r.  r.  771 

J  ■■■  J  Km{s\,  .  .  .,Sm)  x(t  -  sk)dsk ,  t  G  [0  ,T], 


(1) 


y(ih) 


N  i 

Y  Y 

m=l  ii,...,im=l 


III  ^ 

I \x{{i-ik  +  -)h), 

k= 1 


i  =  1,  n,  nh  =  T, 


iyje 


i\h 


(ii-l)h 


imh 


1  j  •  •  •  5  &m)ds i  .  .  .  i\ ,  .  .  .  ,  Zm  —  1,  ^5 


(im  —  l)h 


(2) 


Tax  hto  ^.ocTaTOHHO  yMeTB  H^eHTin^riipiipoBaTB  nadop  (2).  9to  mojxho  c^ejiaTB  xax  c  noMom,Bio  tcctobbix 
B03Myru,eHHi“i  H3  [1],  Tax  h  iihbim  cnoco6oM,  Ha  6a3e  cnepnajiBHBix  ceMeiicTB  xycoHHO-nocTOHHHBix  tcctobbix 
ciirHajiOB  c  HOCHTejieM  imipiiHBi  h.  Taxon  no.itxo.zi,  omicaH  b  [3]  npiiMeHiiTejiBHO  x  cxajiapHOMy  cjiynaio.  B  Ha- 
CTOSHH,ee  BpeMH  pa3pa6aTBiBaeTca  xoMnjiexc  nporpaMM  rjisi  imeHTiicjHixapHii  HexoTopBix  «9TajiOHHBix»  MaTeMa- 
THHecxiix  MO,a,ejieH  c  bcxtophbim  bxo,h,om,  a  Taxace  ,n,jra  MO^ejinpoBaHira  peajiBHBix  npopeccoB  b  Tenjioo6MeHHBix 
annapaTax. 

PadoTa  no,zmep>xaHa  rpaHTaMH  POOH  05-01-00336  h  NATO  NR  RIG  9812876. 


JlHTepaTypa 

[1]  AnapipiH  A.C.,  Cojioflyma  C.B.  06  onTHMH3an,HH  aMnjuiTyfl  TecTOBbix  ciiraajiOB  npii  n,n,eHTiic|3iiKaii,Hii  aflep  Bojib¬ 
Teppa  //  ABTOMaTiixa  h  TejieMexaHHxa.  -  2004.  -  N2  3.  -  C.  116-124. 

[2]  Linz  P.  Product  integration  method  for  Volterra  integral  equations  of  the  first  kind  / /  BIT,  1971.  -  Vol.  11.  —  P.  413 
-  421. 

[3]  Cojioflyma  C.B.,  CmipaeB  B.A.,  IIIep6iiHiiH  M.C.  IIpnMeHeHiie  KybiiHHoro  nojuiHOMa  BojibTeppa  k  MOflejmpoBamiio 
fliiHaMHKH  Tenjioo6MeHa  //  BecTHiix  MprTY.-  2006,  N8  2(26),  T.3.  -  C.  179-185. 


On  New  Approach  for  the  Identification  of  the  Volterra  Polynomials 

Apartsyn  A.S.,  Solodusha  S.V.,  Spiryaev  V.A.,  Scherbinin  M.S. 

Melentiev  Energy  Systems  Institute  SB  RAS,  Russia 

The  algorithm  for  modeling  nonlinear  dynamic  systems  with  vector  input  by  the  Volterra  polynomials  is 
proposed.  It’s  based  on  the  product  integration  method  applied  to  multi-dimensional  convolutions.  The  efficiency 
of  proposed  approach  is  illustrated  on  reference  models  of  dynamic  systems. 
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ACHMIITOTHHECKOE  MO^EJTHPOBAHHE  IIEPHOAHHECKHX 
aBJlEHHH  B  IIPOIJECCE  H3HOCA  IIPH  YIIPyrOM  KOHTAKTE 

ApraTOB  H.n. 

HHcmumym  npodneM  MamuHoeedenun  PAH,  CaHKm-Hemep6ypz,  Poccuh 

B  pa6oTe  [1]  .zyia  onncaHna  flHHaMHKi  KOHTaKTHoro  B3 an m o; te h c t b h h  niepoxoBaTBix  noBepxHOCTeii  npn  Tpe- 
Hiiii  6e3  CMa3Kii  c  yneTOM  i-i3HOca  6bijio  npe^,jio>KeHO  ncnojiB30BaTB  MaTeMaTiinecKyio  MO^ejiB,  ocHOBaHHyro 
Ha  npiiMeHemiii  HejiHHeitHoft  ci-iCTeMBi  ^HcjDcjDepeHpiiajiBHBix  ypaBHemiH  JIoTKH-BojiBTeppa.  B  nacTHOCTii,  Taxaa 
MO,a,ejiB  no3BOJiaeT  onncaTB  coBMecTHBie  cjjjiyKTyapiiii  cjmKTHnecKon  njiom,a,n,H  KOHTaxTa  h  CKopocTH  H3HOca.  Pa- 
Hee  Bee  napaMeTpBi  jiiiHeapii3HpoBaHHoii  MO^ejiH,  npnro,n,HOH  pjm  MO^ejinpoBaHHa  MajiBix  cjrjiyKTyauyin,  6bijih 
onpe^ejieHBi  aHajiH'FH'iecKH. 

Ajih  MOflejiHpoBaHHH  nepno/pinecKiix  aBjieHnft,  npoaBjiaiomHxca  b  TaacejiOHarpyjKeHHBix  KOHTaxTax  npe,n,- 
jiaraeTCH  npiiMeHiiTB  acHMnTOTnnecKne  MeTO,n,Bi  [2,3] . 

JlHTepaTypa 

[1]  OaflHH  K).A.  /^HHaMHKa  pa3pymeHiia  noBepxHOCTH  npii  cyxoM  TpeHiin  //  IliicbMa  b  >KT®.  1997.  T.  23,  Ns  15. 
C.  75-78. 

[2]  MumeHKO  E.O.,  P030B  H.X.  ,I[ii4>4>ePeUHaJn>Hbie  ypaBHemia  c  MajiBiM  napaMeTpoM  a  pejiaKcapiiOHHbie  KOJie6aHiia.  - 
M.:  Hayxa,  1975.  248  c. 

[3]  KojiecoB  A.IO.,  KojiecoB  IO.C.  PejiaKcaipiOHHBie  KOjie6aHiia  b  MaTeMaTiiaecKax  MOflejiax  SKoaoran.  M.:  Hayica, 
1993.  125  c.  (Tp.  MHPAH.  T.  199) 

Asymptotic  Modelling  of  Periodical  Phenomena  during  the  Wear 
Process  at  the  Elastic  Contact 
Argatov  1. 1. 

Institute  for  Problems  of  Mechanical  Engineering,  RAS,  Saint  Petersburg,  Russia 

In  the  present  work,  periodical  phenomena  arising  in  heavy-loaded  contacts  are  studied.  Asymptotic  methods 
are  proposed  for  mathematical  modelling. 


OB  OAHOM  nOAXOAE  K  H3yHEHHIO  yctohhhbocth 
y^APHblX  BOJTH  B  B5I3KOM  TA3E 

Bjioxhh  A.M.,  Mnm,eHKO  E.B. 

HHcmumym  MameMamuKU  CO  PAH,  Poccuh 

IIpii  omicaffl-n-i  flBHHteHHH  c  yuapHBiMii  BOJiHaMH  b  MO^ejiax  cnjiomHoii  cpe^Bi  c  AHCCHnapnefi  ncnojiB3yiOTca 
p,Ba  no^pco^a:  CTpyKTypHBiii  no^xofl,  xor^a  yn,apHan  BOjma  npe^CTaBjiaeTca  b  Bime  y3KOi"i  nepexop,HOi“i  30hbi,  b 
KOTopofi  napaMeTpBi  Tenemia  cnjiomnoii  cpep,Bi  H3MeHaiOTca  nenpepBiBHBiM  o6pa30M,  h  nopxoA>  ocHOBaHHBiii 
Ha  npep,CTaBjieHiiii  ygapHBix  bojih  xax  noBepxHOCTeii  ciuiBHoro  pa3pBiBa.  IIpH  npHMeHeHHH  nocjiep,Hero  3ap,ana 
o  pa3BHTHH  B03Myru,eHHH  cbop,htch  (xaK  h  b  HeBH3KOM  ra3e)  k  iiccjie^OBaHHio  jiHHefiHofi  CMemaHHofi  3a^a- 
hh  c  jiHHeapi-i30BaHHBiMH  rpaHHHHBiMH  ycjiOBHHMH  Ha  cjrpoHTe  ygapHon  bojihbi.  ^Hjih  m arre Marr h ' i ec ko h  MO^ejin 
HaBBe-CTOKca  b  ok h m ae m o h  cpep,e  ,n,OKa3aHa  HenpneMjieMOCTB  yKa3aHHoro  no^xop,a.  B  pe3yjiBTaTe  HayueHun 
KoppeKTHOCTii  jiHHeHHoft  CMeinaHHon  3ap,anH,  nojiynemiOH  nyTeM  jiHHeapH3au,HH  HecTaipiOHapHBix  ypaBHem-iii 
HaBBe-CTOKca  h  ypaBHemiH  ciuiBHoro  pa3pniBa  OTHOCiiTejiBHO  KyconHO-nocToamioro  pemeHiia,  ycTaHOBjieHO, 
hto  ygapHaa  BOJiHa  HeycTOiimiBa  (no  JIanyHOBy).  npe^jioxeHa  MO^HcjrHKapHH  CMemaHHoii  3a^,anH  nyTeM  p,o- 
6aBjieHiia  thkhx  rpaHHHHBix  ycjiOBHH,  hto6bi  ,zyia  bhobb  nojiyneHHoii  CMemaHHoii  salami  mohcho  6bijio  6bi 
^OKa3aTB  acHMnTOTHnecKyio  ycTOimiiBOCTB  (no  JIanyHOBy)  TpiiBiiajiBHoro  pememia. 


On  an  Approach  to  Studying  the  Stability  of  Shock  Waves  in  a  Viscous  Gas 

Blokhin  A.M.,  Mishchenko  E.V. 

Institute  of  Mathematics,  Siberian  Branch  of  RAS,  Russia 


A  modified  initial-boundary  problem  on  stability  of  shock  waves  in  a  viscous  gas  is  constructed  and  studied. 
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OIJEHKA  riOrPEIHHOCTH  nPHBJIH>KEHH5I  OBOETTTEHHETlVn/r 
rJTAAKHMH  nHTEPIIOMIJHOHHblMH  CIIJIAHHAMH 

Byposa  H.R,  ^eMHHa  A.®. 

CaHKm-nemep6ypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 


IlycTb  l,  s,  m,  n,  r,  N  —  pejinie  uncjia,  r  >  1,  l  >  1,  s  >  1,  l  +  s  =  m  +  n+1  =  N,  {xj}  -  ceTKa  ynopjmoueHHBix 
y3JiOB  Ha  [a,b\.  OyHKpiiH  ip  £  CN[a,  b]  CTporo  MOHOTOima  h  OTjniuHa  ot  Hyjia  na  [a,b\  h  BpoHCKiiaH  W(x) 
CHCTeMbi  (JjyHKHHH  ip1  (x) ,  i  =  —  n, . . .  ,m  OTjniueH  ot  Hyjia.  npii6jiii>KeHiie  u(x )  £  Cr[a ,  b]  p/i a  u  £  CN[a,  b]  npn 
x  £  [xj,Xj+ i]  6epeM  Bii^a  u(x)  =  u(xk)&k(x),  r^e 


/(*)  =  \ 


T(xj) 

p{x) 


n 

j 

j-j-  <fi(x)  -  <p{xj’) 


p{xk-i)  -  <p(Xj>) 


VIJX)  (  yfa) 

\<p{xk-i)J  v{xj)  -  <p(xj') 

J  7 ^3 

—  Z  +  l  <j'  —  k<S 


<P(Xj)  -  <p(Xj') 

3  / 3 

k  =  j  -  +  1-  1; 


e  [xk,  xk+ 1), 


-Pj+i(x);  x  £[xj+i,xj+i+ 1); 
L  0,  x  ^  \xj—s, 


= t  gW  (h+;)!  • 


P{k\xk)  =  -- 


r!  <?!  (xfc  -  xk+i)r 

(  \W 

p~n{x)  n  (<p(x)  -  <p(xj'))  I  Tn(xk-i ) 

V _ -l  +  l<j'-k<s-l _ /  x=Xk _ 

n  Mxk-i)  -  <p{xj>)) 

-l+l<j'-k<s-l 


B  3tom  cjiyuae  u(x)  =  u(x)  npn  u(x)  =  <pl(x),  i  =  Jlflsi  yn,o6cTBa  o6o3HauHM  ipk  =  ipk~n~1, 

k  =  1, . . . ,  N.  Toiyja  ecjin  Lu  =0  —  o,n,Hopo,ii,Hoe  ypaBHemie,  i-iMeiomee  cjryH^aMeHTajiBHyio  cucTeMy  pemeHHit 
ipv(x),  v  =  a  Lu  —  f{x)  —  cooTBeTCTByiomee  neo,n,Hopo/i,Hoe  ypaBHemie,  to  npn  x  £  [xj,Xj+ 1], 

£k,  Vk  Mescfly  x  h  xk, 


u 


(x)  —  u(x)  =  R{x)  +  pj{x)R{xj-i),  iyje 


j+S  (r,  -  iV 

r(x)=  '  m — uk{x)f{tk)Y^ 

k—j  —  l+1 


N  (IV— 1) 

A 


(Rk)Wm(£k) 


W&) 


Wm(0  —  a  j  n  e6p  a  n '  i  ec  k  h  e  ^onojiHemisi  sjieMeHTOB  N-oh  CTpoKii  W(£). 


The  Error  of  Approximation  by  Smooth  Interpolation  Splines 

Burova  I.G.,  Demina  A.F. 

Saint-Petersburg  State  University,  Russia 

Formulas  of  smooth  non-polynomial  interpolation  splines  with  the  "precision"  property  on  the  functions  pl{x) 
i  =  1 , ...  ,n  are  obtained.  The  error  of  approximation  by  these  splines  using  the  solution  of  associated  differential 
equation  is  estimated.  The  results  of  calculations  are  presented. 
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O  PEIHEHHH  3AAAHH  KOIHH  C  nOMOmblO 
HEIIOJIHHOMHAJIbHblX  MHHHMAJIbHblX  CIIJIAHHOB 

byposa  n.E,  ^eMHHa  A.®.,  XaccaH  H.P. 

CaHKm-IJemepdypgcKuu  eocydapcmeennuu  ynueepcumem,  Poccua 


PeniaeM  3aAauy  Komii  y'  =  g{x,y),  x  €  [xo,  X]  ,  y(x o)  =  yo-  IlycTB  N  —  pejioe  hhcjio,  N  >  2,  { Xj } 
ynopH^OHeHHaa  no  B03pacTaHino  ceTKa  y3JiOB  Ha  npoMencyTKe  [xo,  X],  Xo  <  Xi  <...<  xn  =  X . 

B  riHTerpajiBHOM  TOJK^ecTBe 


y{xj+ 1)  =  y(xj) 


y'(x)dx 


Xj 


3aMeHHM  y'(x)  Ha  BBipancemie 


j  +  s 

y'{x)  =  ^2  y'(xk)ujk(x ), 

k=j—l  + 1 


r^e  l,  s,  n  —  pejiBie  uncjia,  CBH3aHHBie  cooTHomeHHHMii  l  +  s  =  n,  l  >  1,  s  >  1.  Ecjih  <Pi(x),  i  =  1,  . . . ,  n 
—  ,a,ocTaTOHHO  rjia,n,KHe  jiHHeftHO  He3aBrici-iMBie  cjjyHKpiiH,  toiaa  (J)yHKH,HH  ujk(x),  nasbiBaeMBie  6as h c h hi m h , 
Haxo,a,HM  npn  x  £  [. Xj ,  Xj+ 1]  H3  ycjiOBHH 


y'{x)  =  y\x),  npn  y'(x)  =  y,:(x),  i  =  1,  . . . ,  k. 


CmiTaH,  hto  supp ojj  =  [xj-s,  Xj+i],  jjjin  onpeAejieHHH  ojj(x),  x  £  [xj,Xj+ 1],  nojiyuaeM  CHCTeMy  ypaBHemiii 


j+s 

y  ipi(xk)u>k(x)  =  ipi{x),  i  =  l,  2,  n. 

k=j—i+ 1 

06o3HanHM  u(x)  =  y'(x),  yj  «  y(xj).  IlycTB  Lw  =  0  —  OAHopoAHoe  ypaBHemie,  HMeiomee  cjryHAaMeHTajiBHyio 
CHCTeMy  pemeHiiii  ip i(x),  . . . ,  <pn(x),  Lu  =  f(x)  —  cooTBeTCTByiomee  neoAHopoAHoe  ypaBHemie.  Tan  KaK  npn 
x  £  [Xj,  xj+ 1] 


i?(x)  =  u{x)  —  u(x) 


j+s 

E 


k=j~i+ 1 


(Xk  ~  x)n 
n\ 


(*)/(&)  E 

i=l 


rAe  r/k  naxoAHTCH  Me>KAy  x  h  Xfe  ,  W(x)  —  BpoHCKiiaH  cucTeMBi  <J)yHKH,Hit  y>i(x), . . .  ,<pn(x)  (cmiTaeM,  hto 
oh  OTjiHHeH  ot  Hyjia),  Wni  —  ajire6paiiHecKiie  AonojmeHHH  ajieMeHTOB  n-oi"i  CTpoKii  onpeAejniTejiH  W(x),  to 
AJia  norpeniHOCTii  rj  MeTOAa 


j+s 

Vj+i  =  Vj  +  E  9(xk,y(xk))vk,  vk 
k=j—l+ 1 


u>k{x)dx, 


j  =  1,  1  +  !,•••,  N  -  s. 


xj  +  1 

Ha  npoMexyTKe  [xj,Xj+i]  HMeeM  r3  =  f  R(x)dx.  IIphboahtch  pe3yjiBTaTBi  HiicjieHHBix  SKcnepiiMeHTOB. 


The  Solution  of  a  Cauchy  Problem  Using  Minimal  Non-polynomial  Splines 

Burova  I.G.,  Demina  A.F.,  Hassan  I.R. 

Saint-Petersburg  State  University,  Russia 

The  application  of  the  minimal  interpolation  non-polynomial  splines  to  the  solution  of  a  Cauchy  problem  is 
suggested.  The  results  of  calculations  are  given. 
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HEJIHHEHHA5I  flHHAMHMECKAa  MO^EJIb  CABH^CEHHH  3EMHOH 
nOBEPXHOCTM  C  HEHETKOK  AAAIITAIJHEn 

BepuiHHHH  M.H.%  BepniHHHHa  JI.IL** 

*  Ceeepo-3anadnuu  socydapcmeennuu  3aoHHuU  mexnuuecKuu,  ynueepcumem,  Poccusi 
**  CaHKm-nemep6ypzcKuu  eocydapcmeennuu  ynueepcumem  Kyjiumypu  u  ucnyccme,  Poccuh 

CTpoi-iTejibCTBO  nop3eMHbix  coopyjKCHiiH  pa3jniHHoro  Ha3HaHeHiiH,  KaK  npaBiijio,  conpoBOJKpaeTCH  npopeccoM 
cpbhjkbhiisi  Bbimejie»camei"i  tojiiph  rpyHTOBoro  Macci-ma.  Ilpii  onpepejieHHbix  ycjiOBiiax  stot  npopecc  pocTii- 
raeT  3eMHOi"i  noBepxHOCTii,  Bbi3biBaa  BepTiiKanbHbie  cpbidkchiih  h  ropii30HTajibHbie  nepeMeipeHira  ee  Tonex. 
XapaKTepHbiMi-i  npo6jieMaMii  cjiojxhbix  pHHaMHuecxHx  ci-ictcm,  k  kotopmm  othociitch  om-icbiBaeMaa  ciiCTeMa, 
hbjijuotch:  npo6jieMa  pa3MepHOCTH  -  iieo6xopiiMOCTb  yueTa  6ojibmoro  xojniHecTBa  napaMeTpoB,  Bjiiunoipiix 
Ha  pe3yjibTaT;  npo6jieMa  HeonpepejieHHOCTii  cpepw  cJjyHxpHOHiipoBaHHH  —  npimpumiajibHasi  HeB03MO>xHOCTb 
H3MepeHiiH  HexoTopbix  napaMeTpoB  cpepbi;  npo6jieMa  H3MepeHHft  -  najiiiHiie  6ojibmoro  xojniHecTBa  napaMeT- 
poB,  pjra  KOTopbix  lie  cyipecTByeT  tohhmx  cnoco6oB  KOJiiiHecTBeiiHoro  H3MepeHiiH;  npobjieMa  cjDopMajibHoro 
omicaHHH  SMniipHHecKiix  paHHbix  KaHecTBeHHoro  xapaxTepa;  npo6jieMa  H3MeHeHiiH  xapaKTepi-iCTi-iK  cucTeMbi 
bo  BpeMeHii.  OTCiopa  —  Heo6xopiiMOCTb  paspaboTxii  h  iicnojib30BaHHH  MaTeMaTiiuecxiix  MeTopoB  yueTa  HMeio- 
npixcH  KanecTBeHHbix  3HaHHit,  He  npepcTaBiiMbix  KjraccH'iecKHMH  cpepcTBaMii. 

B  3thx  ycjiOBHHx  npn  MopejiiipoBaHini  priHaMHuecxiix  cucTeM  Haii6ojiee  npneMjieMbiM  HBjraeTCH  MeTop  pByx- 
3TanHOi“i  HpeHTHcjmxapHH:  npoBopiiTCH  HpeHTiujHixapiisi  cucTeMbi  b  HiiipoKOM  CMbicjie,  T.e.  MarreMarrH'iecKH  3a- 
micbiBaiOTCH  (JieHOMeHOJiorHHecKHe  3aBHCHMOCTH  cucTeMbi.  rio  Mepe  HCCJiepoBaHHH  hiicto  m arre Marr h  u  ec  x  h  it  an- 
napaT  ponojiHHeTCH  jiorHxo-ceMaHTHuecxHM .  Ha  cjiepyioipeM  3Tane  BbinojiHHeM  HpeHTiKjnixapiiio  cucTeMbi  b 
y3KOM  CMbicjie,  T.e.  opem-maeM  h  yTOHHHeM  napaMeTpbi  Mopejni.  9to  3Tan  «HacTpoHxri»  cjDeHOMeHOJiorHHecxoii 
Mopejin,  nojiyHeHHOii  Ha  npepbipyipeM  3Tane. 

HppoM  KOMnbiOTepHOH  Mopejin  HBjiHeTCH  ajiropiiTM  pacueTa  cpBiDxeHiiii  h  pec^opMapiiii,  KOTopbiii  ochobbi- 
BaeTCH  Ha  aHajniTHuecxoM  MeTope  nporH03a  cpbikkbhhsi  3eMHoii  noBepxHOCTii.  ,ZIpHaMI'IHeCKaH  cocTaBjnnoipaji 
npopecca  omicbiBaeTCH  MopejiBHoii  xpiiBoii  HaxonjieHiiH  ocepaHiiii  Ha  nepnop  po  10  jieT.  npn  HCCJiepoBaHHH 
o6T>eKTa,  copep»caipero  pecHTxn  Bbipa6oTOK,  B03HitxaeT  3HaHHTejiBHaH  norpemnocTb,  hto  Bbi3biBaeT  Heo6xo- 
Piimoctb  apanTapmi  Mopejin.  Mopejm  copepjxiiT  cothi-i  napaMeTpoB,  omicbiBaioipHx  npopecc  cpBiiuceHiisi,  hto 
3aTpypHHeT  ee  HenocpepcTBeHHyio  apanTapmo.  CopepncaTejibHbiH  aHajiii3  no3BOJiaeT  BbipejniTb  nopMHoncecTBO 
H3  HecKOJibKi-ix  pecHTKOB  napaMeTpoB,  oxa3biBaK>npix  ocHOBHoe  Bjiiijnnie  Ha  npopecc  cpBinxemra.  TaKoii  Ha6op 
napaMeTpoB  y>xe  no3BOJiaeT  npiiCTyniiTb  k  HacTpoiixe  Mopejm. 

napaMeTpiiHecKaH  HpeHTHcjHixapHsi  BbinojiHJieTCsi  nyTeM  apanTapiiOHHOH  HacTpoiixii  Mopejm.  ffnsi  opeH- 
kh  h  yTOHHeHHH  napaMeTpoB  Mopejm  aBTopaMii  pa3pa6oTaH  ajiropiiTM  HeneTKoro  noxooppiiHaTHoro  cnycxa  c 
yneTOM  paHnaipoBaHiiH  napaMeTpoB.  PaHHaipoBam-ie  napaMeTpoB  oeyipecTBjuieTCii  c  i-icnojib30BaHi-ieM  xpiiTe- 
piieB,  yHiiTbiBaioipiix  HyBCTBiiTejibHOCTb  Mopejin  k  H3MeHeHiiio  napaMeTpa,  tohhoctb  ii3MepeHiiH  napaMeTpa, 
reoMexaHiinecKyio  3HanHMOCTb  napaMeTpa.  onpepejieHHH  3HaneHHi“i  KpiiTepiieB  npiiBjieKaiOTCH  SKcnepTbi. 

npepjiaraeMaH  aBTopaMii  npopepypa  paHnaipoBaHiiJi  pa3pa6oTaHa  na  ocHOBe  Hcnojib30BaHHH  HeneTKoro 
OTHomemia  npepnoHTeHHH  h  npepcTaBjiaeT  co6oii  MopHcJuiKapnio  MeTopa  nocTpoeHHH  MHoncecTBa  HepoMiiHiipy- 
eMbix  ajibTepHaTHB  b  ycjiOBHHx  rpynnoBoro  h  HHpiiBiipyajibHoro  Bbi6opa.  ApanTiipoBaHHaa  Mopejin  paeT  otkjio- 
HeHiie  b  npepejiax  10%  Ha  KOHep  nepnopa  nporH03HpoBaHHH,  hto  cjiepyeT  npii3HaTb  ycnemHbiM  pe3yjibTaTOM. 
Oni-icaHHbiii  nopxop  6biji  npiiMeHeH  pjin  nporH03iipoBaHHH  cpBiiHcemiH  npn  npoxopne  TOHHejieii  CaHKT-neTep- 
6yprcKoro  MeTponojiiiTeHa  Ha  njioipapKax  c  caMbiMii  pa3JiHHHMMH  reoMexaHiiHecKHMH  ycjiOBHHMii. 

Non-linear  Dynamic  Model  of  The  Process  for  the  Earth  Surface  Shift 

with  Elements  of  Fuzzy  Adaption 

Vershinin  M.I.*,  Vershinina  L.P.** 

*  North-West  State  Correspondence  Technical  University,  Saint-Petersburg,  Russia 
**  Saint  Petersburg  State  University  of  Culture  and  Arts,  Russia 

Traditional  methods  for  identification,  evaluation  and  forecasting  of  the  state  of  complex  systems  and  objects 
are  based,  mainly,  on  analytical,  numerical  and  statistical  methods.  In  practice,  however,  their  use  to  identify  the 
systems  calls  difficulties.  Characteristic  example  of  a  difficulty  to  use  traditional  methods  is  the  task  to  forecast 
a  shift  of  the  earth  surface  under  conditions  of  uncertainty.  Authors  of  this  contribution  have  developed  the 
adaptive  non-linear  dynamic  model  of  the  process  for  the  earth  surface  shift  under  conditions  of  incompleteness 
and  inaccuracy  of  information  about  the  features  of  the  rock  mass  being  undermined,  and  it  is  a  model  with 
fuzzy  dynamics’  parameters.  The  model  submitted  has  been  implemented  as  a  software  and  successfully  tested 
in  practice. 
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HHCJIEHHblH  AHAJTH3  H  CHHTE3  HEJIHHEHHbIX  MEXAHHHECKHX 
KOHCTPYKItHH  C  IIPE^IIHCAHHblM  nPOIJECCOM 

ynpyroro  ae$opmhpobahh3 

TaBpiouiHH  C.C. 

MocKoecKuu  eocydapcmeemiuu  mexHunecKuU  ynueepcumem  um.  H.9.  EayMana,  Poccuh 

IfejiaraiOTCH  TeopeTHnecKiie  ochobm,  HHCJieHHbie  ajiropiiTMbi  h  HaKonjieHHbiii  iipaKTH'iecKHH  onbiT  peajniaanHH 
npirapima  ynpaBjineMon  ynpyroii  ^ecJropManjiH  npii  npoeKTi-ipoBam-n-i  cjryHKnjiOHajibHbix  ajieMeHTOB  Texm-ine- 
ckiix  ycTpofiCTB,  npe,a,CTaBjijnoiii,iix  co6oi"i  HejiiiHeiiHO  .necjropMiipyeMbie  TOHKOCTeHHbie  MexaHnnecKiie  KOHCTpyK- 

HHH. 

Ajih  /i,oct h >Ke h h m  Tpe6yeMbix  SKcnjiyaTanyiOHHbix  xapaKTepiiCTiiK  b  npoqecce  HHCJiemioro  MO^ejinpoBa- 
hhh  ocymecTBjiaeTCH  CBoeo6pa3Hoe  nporpaMMHpoBamie  HejiiiHeiiHbix  ^ecJjopMapiiOHHbix  cboiictb  6ya,ymeii  koh- 
CTpyKip-n-i  c  pejiBK)  nocjie^yiomeii  peajin3an,mi  Tpe6yeMbix  npoqeccoB.  IIo,ii,o6Hbie  ajieMeHTbi  nojiyniuiii  b  jih- 
TepaType  [1,2]  Ha3BaHiie  ajieMeHTOB  ynpaBjraeMoii  ynpyroii  ^ecjDopMaqnii.  Ilpopecc  .necJjopMnpoBaHnsi  MonceT 
6biTb  HHiin,iinpoBaH  ^encTBiieM  BHemmix  chji,  flaBjiemisi,  TeMnepaTypbi  hjih  npoiicxo,n,HTb  6jiaro,a,apii  scJxJjeK- 
Ty  naMHTH  cjiopMbi.  MeTO^mca  aHajni3a  ajieMeHTOB  ynpaBjineMoii  ynpyroii  ^ecjDopMapnn  onnpaeTcn  Ha  imeio 
MyjibTiinapaMeTpnnecKoro  no^xo,n,a  npn  MaTeMaTi-mecKOM  MO,n,e.jinpoBaHnn  na  3BM  npoqeccoB  HejinHeiiHoro 
^ecjDOpMIipOBaHHH  TOHKOCTeHHbIX  KOHCTpy KU,HH .  A™  UOJiy 'leHHM  ^HCKpeTHOrO  OTKJII-IKa  Ha  MOHOTOHIIOe  II3Me- 

peHiie  BHenmero  B03,n,eHCTBH5i  b  npoqecc  ^ecJiopMHpoBaHnH  3aKjia,n,biBaeTCH  siJxJjeKT  ynpyroro  nepecKOKa.  ripn 
HHCjieHHOM  aHajni3e  ncnojib3yeTC5i  CTpaTerna  nocjie,a,OBaTejibHoro  iiccjie.n.OBaHnii  o^HonapaMeTpiinecKiix  Hejm- 
HeiiHbix  3aflan,  npiiHa,ii,jie>Karu,Hx  MHoronapaMeTpnnecKOMy  ceMeiicTBy,  b  KOTopoe  norpynceHa  aHajiH3npyeMaH 
3a,a,ana,  hto  no3BOJineT  bbiiIti-i  Ha  pememie  3aq,ann  nncjieHiioro  ci-iHTe3a  KOHCTpyKqmi. 

AHajiH3  paccMaTpiiBaeMbix  b  pa6oTe  ynpyrnx  sjieMeHTOB  npoBO,n,HTCH  c  noMorpbio  ajiropiiTMOB  npo,n,oji>Ke- 
hhh  pemeHHH  no  napaMeTpy  b  coneTaHiin  c  npneMOM  CMeHbi  no,n,npocTpaHCTBa  ynpaBjunorpiix  napaMeTpoB  [3] . 
B  nanecTBe  onpeq,ejijnoin,nx  ncnojib3yiOTCJi  cooTHomeHiiH  reoMeTpiinecKii  HejinHeiiHoii  jiarpaHnceBoii  Teopini 
tohkhx  ynpyrnx  CTepncHeii  n  o6ojioneK.  B  cooTHomeHiin  n,ejieHanpaBjieHHO  bbo^htch  ,n,Ba  n  6ojiee  ne3aBHcn- 
Mbix  napaMeTpa,  no3BOJijnoin,nx  ynpaBjiHTb  npoqeccoM  HejiniieiiHoro  ynpyroro  ^,e<J)opMHpoBaHHH.  IlapaMeTpbi 
ynpaBjieHHH  MoryT  6biTb  BKjnoneHbi  b  oniicaHiie  reoMeTpnn  sjieMCHTa,  cboiictb  MaTepnajia,  ycjiOBiiii  3aKpen- 
jieHHH,  BHeniHiix  TepMOMexaHnnecKnx  B03flencTBi«i  n  t.,zi,.  C  noMOipbio  pa3pa6oTaHHoii  hhcjichhoh  mcto^hkh, 
peajin30BaHHoii  b  Bime  naneTa  npi-iKjia^Hbix  nporpaMM,  npoBe^eHbi  nccjie^OBaHHH  pjma  nepcneKTHBHbix  koh- 
CTpyKpnii  [4,5,6]. 
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69c. 

[2]  raBproiniiH  C.C.  SjieMeHTbi  ynpaBjiaeMoii  ynpyroii  flecjjopMapHH  fljia  4>yHKn,noHajiBHBix  ycTpoiicTB  po6oTOTexHiiae- 
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Computer  Analysis  and  Synthesis  of  Nonlinear  Mechanical  Structures 
with  Guided  Elastic  Deformation 
Gavriushin  S.S. 

Moscow  Bauman  State  Technical  University,  Russia 

Theoretical  principles,  strategy  and  algorithms  are  stated  for  numerical  analysis  and  syntheses  of  mechanical 
structures  and  devices,  realizing  the  principle  of  the  guided  elastic  deformation.  For  numerical  simulation,  a 
strategy  of  consequent  analysis  of  single-parametric  nonlinear  problems  is  used,  belonging  to  the  multi-variable 
family,  in  which  the  problem  under  investigation  is  embedded  that  allows  solving  the  structures  syntheses 
problem.  The  algorithm  of  the  computer  analysis  is  based  on  the  parameter  continuation  methods  combined 
with  the  "control  parameter  sub-space  changing"  technique  proposed  by  the  author.  Prospects  approach  is 
illustrated  by  examples  of  analysis  and  syntheses  of  new  types  of  mechanical  designs  and  devices. 
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HucHCHeKaMCKUu  (fiuAuaA  KTTy  um.  A.H.  TynoAeea  -  KAM,  Ka3am>,  Poccua 

ITpo6jieMa  MO^ejinpoBam-iH  copiiajiBHO-SKOHOMiiHecKiix  ciiCTeM  (C9C)  HBjiaeTCsi  aKTyajiBHoii,  ho  cjiohchoh  3a- 
/ta'ieft.  Cjiojkhoctb  npo6jieMBi  o6ycjiOBjieHa  CHHepreTiraecKHMH  CBOHCTBaMii  C9C,  TaKHMH  KaK  otkpbitoctb, 
HejiHHeiiHOCTB,  HepaBHOBecHOCTB  h  SHTponiiimocTB. 

PaBHOBecHoe  coctohhh6,  to  ecTB  cocTOsmue  caMoperyjiHpiiii  uccjie^yeTCH  MeTO^aMH  MO^ejiiipoBamni  kii- 
6epHeTiiHecKiix  ciiereM,  MaTeMaTiinecKHM  annapaTOM,  pa3pa6oTaHHBiM  A.H.  Kojimotopobbim,  H.  BimepoM, 
B.A.  KoTejiBHiiKOBBiM,  K.  IHeHHOHOM,  Y.  9i[i6h,  JI.  CTOjiepio,  H.H.  MonceeBBiM,  B.M.  rjiyniKOBBiM  h  APy- 

I’HMH  II3BeCTHBIMH  CneiI,HajIHCTaMH  B  o6jiaCTI-I  KIl6epHeTIIHeCKOrO  MO^ejIIipOBaHHH. 

Hto  xacaeTCH  C9C,  to  MO^ejin  hx  Ki-i6epHeTi-iHecKoro  caMoperyjiiipoBaHHH  npe^CTaBjieHBi  b  pa6oTax  C.  Bi-i- 
pa,  K.A.  BarpiracKoro,  H.H.  MonceeBa,  H.E.  Ko6pimcKoro,  E.3.  MaiiMiraaca,  JI.  CTOjiepio,  C.C.  HlaTajnraa  h 
Apyrnx  iiccjie^OBaTejieii.  O/piaKO  Kii6epHeTHHecKiie  Mo^ejin  C9C  OKa3BiBaioTCH  He^ocTaTOHHO  scJxJieKTHBHMMH 
npn  nocTaHOBKe  3a,n,aH  SKOHOMiinecKoro  pocTa,  pasBHTHH  h  KanecTBemiBix  H3MeHeHHfi  chctcmbi,  nocKOJiBKy  ohii 
<J)eTHmH3HpyiOT  TeH^empno  CiiCTeMBi  k  paBHOBecnio. 

noxa  oneHB  Majio  uccjie^OBaHiiii  nocBsnn,eHO  npaKTiinecKOMy  npiiMeHeHino  CiiHepreTiiHecKiix  mbto,h,ob  b  06- 
jiacTH  pemeHHH  npo6jieM  C9C,  a  6ojiBmiiHCTBO  H3  hiix  ,n,o  ciix  nop  iiocht  ^,eKjiapaTiiBHBiii  xapaKTep.  KpoMe 
toto,  ,11,0  iiacTOHLu,ero  BpeMemi  ocTaiOTCH  Tpy^HOCTi-i  b  (J>opMajiH30BaHHOM  onncaHHH  HejiHHefiHbix  npopeccoB  b 

9K0H0MHK6. 

Ayra  omicaHHH  noBe^eHiia  CiiCTeMBi  T.  XaxeH  cmiTaeT  BancHBiM  ycTaHOBiiTB  b  Heii  cbh3h  Meyapy  scJxJjeKTOM 
Kaxoro  jiii6o  fleftcTBHJi  b  CiiCTeMe  hjih  Ha  cucTeMy  h  ero  npHHHHoft  b  3aBHCHM0CTH  ot  BpeMemi.  A™  onncaHHH 
npopeccoB  caMOopraHH3au,Hii  b  cucTeMax  T.  Xaneii  npe^jioxani  MO^ejiB  <J>a30BBix  nepexo^OB  JI.  .JlaH^ay,  r^e 
bbo^htch  napaMeTp  nopa^Ka  b  Bime  BejniHHHBi,  KOTopaa  no/priiHiieT  ce6e  .npyraie  napaMeTpni  hjih  no^cucTeMBi. 

B  HacToameii  pa6oTe  b  KanecTBe  TaKoro  napaMeTpa  nopa^Ka  iicnojiB3yeTca  BejniHima  aKTiiBHOCTii  CiiCTeMBi 
(AC),  o6ycjiOBjiiiBaiomero  CHHepreTHaecKHH  no^xo^i,  k  npopeccy  ;(hh aM h  '  i  ec  ko  ro  MO^ejiiipoBaHiia  C9C.  Yxa- 
3aHHBie  BBirne  CBa3i-i  Menyny  scjHjieKTOM  ot  KaKoro-jin6o  ^eiiCTBiia  b  CiiCTeMe  h  ero  npumiHOH  b  3aBHCHM0CTii  ot 
BpeMeHii  noKa3aHBi  b  Bii^e  HeKOTopoii  Be jii-ihhhbi  ,  npe^CTaBjiaiomeii  co6oii  K03(jxj)Hij,HeHT  BBixo^a  AC  3a  cneT 
ciinepreTHHecKoro  npeo6pa30BaHiia  onpe^ejiaiomux  npoH3BOflCTBeHHBix  cjmKTopoB:  peHBi,  3aTpaT,  npii6Bijiii  h 
npo'iHx.  noKa3aHBi  npaKTHHecKiie  pe3yjiBTaTBi  HcnojiB30BaHiia  cimepreTHHecKoro  MO^ejiiipoBamni  ^,jia  ,n,HHa- 
mhkh  H3MeHeHHa  BBn  (Ha  npiiMepe  Pocchh),  onpe^ejiaeMoro  KaK  npoH3Be^eHHe  Tpyn,ocnoco6Horo  Haceaemia 
(Tpy^OBBix  pecypcoB)  Ha  hx  ctohmoctb.  3,n,ecB  Tpy^OBBie  pecypcni  —  sto  «npo^yKT»  CTpaHBi  cooTBeTCTByiomero 
KOJiiinecTBa  h  KanecTBa.  Hph6bijib  C9C  onpe^,ejiaeTca  KaK  pasHOCTB  Menyny  BBn  h  pacxo^aMH  b  Bime  3aTpaT 
Ha  BOcnpoii3BO^i,CTBO  Tpy^OBBix  pecypcoB. 

C  noMOin,Bio  AC  noKa3aHO  BjiiiaHiie  pa3JiHHHBix  cjmKTopoB  Ha  SHaaiiMbie  napaMeTpBi  C9C.  K  micjiy  TaKiix 
cjjaKTopoB  noMHMO  npoH3BO^i,CTBeHHBix,  mo>kho  OTHecTii:  3 ko h o m h ' i ec k h e ,  SKOJiori-iHecKi-ie,  copiiajiBHO-nojiiiTH- 
necKiie,  npaBOBBie,  ucHxojrorn'iecKne,  pejiiirH03HBie,  STHiinecKHe  h  ^pyraie,  ecjni  o6Hapyaa-iBaeTca  B3aiiM0CBa3B 
3thx  cjraKTopoB  c  nporH03npyeMBiMH  TexHHKO-SKOHOMHnecKHMH  napaMeTpaMii  C9C. 

CiiHepreTHHecKaa  MO^ejiB  no3BOJiaeT  ncnojiB30BaTB  eiu,e  Majio  i-oyneHUBie  ciiHepreTHHecKiie  npopeccni,  npn- 
cymne  pa3BHTi-iio,  KaK  jkhbbix,  TaK  h  kocthbix  ciiCTeM,  c  pejiBio  noiiCKa  ^eTepMiiHiipoBaHHBix  no^xo^OB  b  onpe- 
^ejieHHii  ToneK  6iKj3ypKan,HH  h  onTHMajiBHBix  pe3yaBTaTOB  npn  pemeHim  nocTaBjieHHBix  3a^,an  c  yneTOM  bo3- 
MoacHBix  4>ayKTyan,HH  b  pa3BiiTiin  C9C. 

npe^jiaraeMaa  CHHepreTiinecKaa  MO^ejiB  nporH03a  BBn  MoaceT  cjiyaaiTB  o^hoh  1-13  aaBTepHaTHB  ^,jia  pa3pa- 
6otkh  h  npaKTiinecKoro  HcnojiB30BaHiia  MO^eanpoBaHiia  CiiHepreTiiHecKiix  CiiCTeM  b  SKOHOMiiKe  h  nepeocMBic- 
jieHiia  BonpocoB  SKOHOMiinecKoro  pa3BHTiia. 


The  Synergy  Model  of  the  GDP  Projections 

Galeeva  Y.I.,  Gafiyatov  I.Z.,  Potapov  G.P. 

Nizhnekamsk  branch  of  IEML,  Kazan,  Russia, 

Nizhnekamsk  branch  of  Kazan  state  technical  university  named  by  A.N.  Tupolev,  Russia 

The  synergy  model  of  the  GDP  projection  is  presented  here.  The  parametrical  analysis  of  basic  GDP  (with 
Russia  in  view)  economic  indexes  has  been  done.  The  interaction  of  starting  and  projecting  GDP  points  are 
shown.  The  results  of  basic  parameters  calculations  are  proved  by  statistic  data. 
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HEJTHHEHHbin  flHHAMH^ECKHH  AHAJIH3  9®$EKTHBHOCTH 
PAEOTbl  MAJIOM  HAYHHOn  rpynnbi 

TepacHMOBa  H.B.,  XacaHOBa  H.B.,  Ypa36axTHHa  Jl.P. 

y (f) umc Kv/ii  socydapcmeeHHUv,  aeuayuonnuu  mexHUHecKuu  ynueepcumem  (YPATy),  Poccuh 

TIpii  aHajiii3e  pexTejibHOCTii  Majibix  naynHbix  rpynn  (MHr)  npepcTaBjixeT  i-iHTepec  uayueHue  Mexami3Ma  ynpaB- 
jiemiH  npopeccoM  peajiH3an,HH  HaynHbix  npoeKTOB  xax  HejiiiHeiiHBiM  o6T>eKTOM  ynpaBjieHiix.  CjioxoiocTb  nccjie- 
poBaHiix  o6ycjiOBjieHa:  HajinuneM  nejiOBeKa  kslk  sjieMeHTa  ciiCTeMBi,  noBepemie  KOToporo  xBjixeTCJi  hctohhhkom 
pa3jniHHoro  popa  HeonpepexeiiHOCTen;  cjioxoiocTbio  OTHomeHiui  (ot  ppyxcejno6Horo  po  KOHcjwiiiKTHoro)  Mexcpy 
cyf)rbeKrraMH,  ii3MeHeHiie  KOTopbix  BepeT  k  ii3MeHeHiiio  CTpyKTypbi  opraHii3au,iiOHHoii  CHCTeMbi;  HeonpepejieHHO- 
CTbio  ypoBHH  cjioxchoctii  HaynHon  npo6jieMbi,  pjra  pememia  KOTopoii  h  nocTpoeHa  opi  aHHsanHOHHaa  cncTeMa. 

HccjiepoBaHiiH  b  HejniHeiiHbix  oprciiCTeMax  npopeccoB  ynpaBjiemni  npoBopiuincb  iia  ocHOBe  pocTiixceHiiii 
CHHepreTHKH,  KOTopaa  oxBaTbmaeT  nonra  Bee  coBpeMeHHbie  OTpacjni  3HaHHH.  PaccMOTpeHbi  HecKOJibKO  TimoB 
HejniHeiiHbix  ^HHaMHHecKHx  Mopejien  scfxjDeKTHBHoro  ynpaBjieniia  npopeccoM  peajin3annn  HaynHoro  npoeKTa. 
Bee  Mopejm  apeKBaTHO  OTpaxcaiOT  KanecTBeHHyio  CTopoHy  B3aiiMopencTBHsi  ynacTHiiKOB  npoeKTa.  B  nacTHOCTii, 
6hji  npoBepen  aHajiii3  scfxjjeKTHBHOCTH  pa6oTbi  MHr,  cocToaipeii  H3  Tpex  ynacTHiiKOB,  BbinoaHaiomiix  pBa 
npoeKTa: 

Y  =  —  apY  +  koiXi  Y  +  ho^X^Y  —  boiXi(Zi  +  Z2)  —  602X2(^1  +  Z2)  +  uq , 

Xi  =  — ctiXi  +  k\o\  X\  —  b\Y Z\  + 

<  A2  =  —(12X2  +  k2oY  X2  —  b2Y  Z2  +  u,2, 

Zx  =  -ci  Z1  +  (Ad  +  X2)Y, 

,  Z2  = -C2Z2  +  (Xx  +  X2)Y. 

3pecb  Z\  h  Z2  —  TeMnbi  BbinojiHeHiia  pa6oT  no  pByM  npoeKTaM,  a  Y,  X\  h  X2  cooTBeTCTBeHHO  TeMnbi  Bbinoji- 
Hemia  pa6oT  HaynHbiM  pyKOBopiiTexeM  n  pByMH  coTpyzpniKaMii. 

B  3toi"i  Mopejm  moxcho  pocthhb  pexaiMa  noppepxcaHiiH  nocToaHHoro  TeMna  BbinojiHemia  pa6oT  no  npoex- 
Ty.  npn  ocjiabjieHiin  CTa6iijiH3iipyioni,Hx  CBa3eii  3pecb  B03HHKaeT  xaoc  b  noppepxcaHHii  TeMnoB  BbinojiHemin 
npoeKTa.  Bo3HnKHOBeHne  KOHcjjjinKTHbix  CHTyapnit  Mexcpy  ynacTHHKaMi-i  npoeKTa  npimopHT  k  3HaniiTejibHOMy 
c h h >Ke h h fo  TeMnoB  BbinojiHeHiia  pa6oT.  B  stoii  cncTeMe  Tanxce  MoryT  noaBjiaTbca  aBTOKOJie6aTejibHbie  pexciiMbi, 
KOJie6aHna  Tima  «CTpaHHoro»  aTTpaKTopa,  a  Tanxce  MoryT  B03HHKHyTb  6ojiee  cnoxcHbie  cjropMbi  xaoTnnecKnx 
pBHXCeHHH. 

npoBe^,eHHbie  iiccjiepoBaHiia  noKa3ajin,  hto  npn  onpepenemion  opraHH3an,Hn  B3aiiMopencTBHa  Mexcpy  aK- 
THBHbiMH  3jieMeHTaMi-i  (ynacTHHKaMH  npoeKTa)  n  BHeniHen  KOoppHHapiien  padoT  moxcho  o6ecneniiTb  noppep- 
xcaHne  xcejiaeMoro  TeMna  BbinojiHeHiia  pa6oT  no  HaynHoii  npo6jieMe. 

AajibHennine  uccaepoBaHiia  HanpaBjieHbi  Ha  ycaoxcHemie  nejinHeilHon  Mopejin  b  CTopoHy  yBejinneHiia  KaK 
KOJinnecTBa  sjieMeHTOB  b  cncTeMe,  TaK  n  napaMeTpoB,  xapaKTepii3yioni,Hx  cocToamie  Kaxcporo  H3  ynacTHiiKOB 
npoeKTa,  t.k.  pjia  HaynHbix  opraHH3an,Hn  xapaKTepHa  opHOBpeMeHHaa  pa6oTa  Hap  HecKOJibKHMH  HaynHbiMn 
npoeKTaMii,  nporpaMMaMii,  npo6jieMaMii,  nap  KOTopbiMii  pa6oTaiOT  HecKOJibKO  Majibix  rpynn,  jia6opaTopnn, 
OTpejiOB,  iicnojib3ya  HMeioipiinca  HHTejijieKTyajibHbiii,  HaynHO-TexHunecKiin,  hhhob apHOHHbin  noTeHpuajibi,  a 
Taxxce  cjjiiHaHCOBbie  pecypcm. 

Ha  ocHOBe  KorHiiTiiBHoro  aHajni3a  moxcho  opram-i30BaTb  papnoHajibHoe  ncnojib30BaHne  HaKonjieHHbix  noTeH- 
pnajiOB  b  peineHnn  Hay  a  ho  h  npo6jieMbi,  BbiaBiiTb  npiinnHbi  nescJxJjeKTHBHoro  cjDyHKpHOHiipoBaHna  cucTeMbi  h, 
JIIIKBUpiipOBaB  3TII  npHHHHbl,  BCKpbITb  BHyTpeHHIie  pe3epBbI  CHCTeMbi  H  nOBblCIITb  TeM  CaMbIM  ScJxJieKTHBHOCTb 
pa6oTbi  Majioii  HaynHon  rpynnbi. 


Nonlinear  Dynamic  Efficiency  Analysis  of  Small  Science  Group  Activity 

Gerasimova  I.B.,  Khasanova  N.V.,  Urazbakhtina  L.R. 

Ufa  State  Aviation  Technical  University,  Russia 


The  use  of  the  procedure  of  the  maximal  possible  scientific-technical  potential  of  small  science  teams  on  the 
basis  of  the  mathematical  modeling  methods  is  proposed.  Nonlinear  models  of  implementation  of  two  scientific 
projects  for  three  performers  with  different  relation  variants  between  them  are  investigated. 
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oijehka  ahhamhkh  chctem  JiornHECKoro  yiipabjiehm 

Top6aTOB  B.A.,  rop6aTOB  A.B.,  rop6aTOBa  M.B.,  fleHHceHKO  M.B. 

MocKoecKuu  eocydapcmeennuu  sojmuu  ynueepcumem,  Poccuh, 

MocKoecKuil  socydapcmeennuu  undycmpucuiunuu  ynueepcumem,  Poccuh 

IIpii  npoeKTi-ipoBam-n-i  cncTeM  jioriinecKoro  ynpaBjiemiH  na  ajiropiiTMiinecKOM,  abcTpaKTHOM,  KOflnpoBaHHH 
HeTepMimajiBHBix  ciimbojiob,  CTpyKTypHOM  3Tanax  ne  y hi-itbib aiOTcn  nepexo/3,HBie  npopeccBi,  bo  MHoroM  onpe- 
/tejiMfOinHe  6e30TKa3H0CTB  nncfpoBOH  annapaTypbi.  Ha  3aKjnoHiiTejiBHOM  3Tane  npoeKTiipoBamiii  —  3Tane  mo- 
,n,ejiiipoBaHiiH  pflu  yueTa  npiixo,n,HBix  neo6xo,n,HMO  nocTpoemie  aHOMajiBHoii  o6jiacTi-i  npocTpaHCTBa,  b  kotopom 
npoHBjieHiie  nepexo,n,HBix  npopeccoB  MoaceT  nopo/piTB  jiOHmyio  imcjjopMapi-iio.  9to  iiopoK/tpHne  onpe^ejineTcn 
piiCKOM  b  jiorHnecKHx  CTpyKTypax,  oco6emio  peajiii30BaHHBix  Ha  6a3e  HaHOTexHOjiornii. 

IlcnojiB3yH  Teopiiio  Tpacc,  b  ,n,OKjia,ii,e  npe,n,jio>KeHBi  aHajiHTH'iecKue  BBipanceHira,  onpe^ejunomiie  ycjiOBHH 
noHBjieHHH  piicxa  b  jiorauecKHx  CTpyKTypax.  Pacnpe^ejieHiie  BBiHiicjiiiTejiBHBix  piickobbix  Tpacc  onpe^ejmeT 
aHOMajiBHyio  30Hy  npocTpaHCTBa,  b  kotopom  onpe^ejieH  anropiiTM  cjryHKiijiOHHpoBaHHH  chctcmbi  jioniuecKoro 
ynpaBjieHHH. 

nocTpoeHiie  onTHMajiBHOH  no  cmkocthoh  h  BpeMeimoii  cjiohchocthm  nporpaMMBi  MO^ejinpoBaHiiH  jiomiue- 
ckhx  CTpyKTyp  CBe^eHO  k  nocTpoemno  BBe^emioro  rpacjra  cbh3hoctii,  o6jia,n,aiomero  CBOHCTBaMi-i  aiuiepoBOCTi-i 
H  raMHJIBTOHOBOCTH. 

Paspa6oTaH  imcTpyMeHTapiiii  aBTOMaTH3iipoBaHHoro  npoeKTi-ipoBaHira  nporpaMM  MO^ejinpoBaHiiH  jionine- 
CKiix  CTpyKTyp. 


Evaluation  of  Logical  Control  Systems  Dynamics 

Gorbatov  V.A.,  Gorbatov  A.V.,  Gorbatov  M.V.,  Denisenko  M.V. 

Moscow  State  Mining  University,  Russia 
Moscow  State  Industrial  University,  Russia 


Analytical  expressions  determining  the  conditions  of  risk  occurrence  in  logical  systems  are  derived  in  the 
present  contribution.  A  new  technique  for  the  automated  design  of  programs  for  logical  structures  simulation 
is  elaborated. 


MATEMATHUECKOE  MOffEJIHPOBAHHE 


269 


AHAJTH3  CBOHCTB  COIJHAJIbHO-OKOHOMHHECKHX 
CHCTEM  HA  KOrHHTHBHbIX  MOTTE.TTHX. 
METOAOJTOrHH  H  nPOrPAMMHAH  CHCTEMA 

ropejiosa  PB. 

Ta?,aH'po?,CKUu  eocydapcmeennuu  paduomexHuuecKuu  ynueepcumem,  Poccuh 

B  flOKjia,n,e  npe,n,CTaBjieHbi  bo3mo>khocth  h  pe3yjiBTaTBi  MO^ejiiipoBaHim  CTpyKTypBi,  flHHaMHKH,  iiccjie^,OBaHiiH 
yCTOHHIIBOCTII,  CBH3HOCTH,  CJIOXCHOCTII  H  ,ZI,pyrHX  CBOHCTB  COHJiajIBHO-SKOHOMimeCKHX  CIICTCM  Ha  IIX  KOrHIITIIBHBIX 
MO,a,ejiHx. 

ITocjie^Hee  BpeMa  c  noMompio  KorHHTHBHBix  HH^opMapiiOHHBix  TexHOJioraft  ygaeTca  y hhtbib aTB  h  uccjie^o- 
BaTB  MHonie  cjia6ocTpyKTypnpoBaHHBie  npo6jieMBi  cjiohchbix  ciictcm,  xapaKTepHBie  ,zyiH  <J>yHKii,HOHHpoBaHHH  hx 
b  ycjiOBHHx  Heonpe,a,ejieHHOCTH.  9to  oco6chho  nojie3HO  b  CHTyaiprax  cobpgmchhoh  «Hejiimeimoft  3kohomhkii» 
Pocchii.  OcHOBHoe  HanpaBjieHiie  pa6oTBi  onpe^ejiaeTca  KOHpemiyieft  ycToftmiBoro  pa3BHTHH  Pocchii  ii  h axo.nyiTCH 
b  pycjie  HayHHBix  iiccjie^OBaHHii  h  npoeKTiipoBaHiiH  ^onycTHMBix  (jiymnux  b  tom  hjih  iihom  CMBicjie)  CTpaTe- 

i  hh  pa3BHTHH  CHCTeM  pasHoro  ypoBHa  (cTpaHa,  peniOH,  . . opraHi-mapira) .  B  HacTOHiu,ee  BpeMa  HCcne^OBaHiia 
nocBHiii,eHBi  pa3pa6oTKe  Moneneft  h  MeTO,n,OB  Teopiiii  npimaTiia  pernem-ift  b  cjiojkhbix  cucTeMax,  KoraiiTiiBHO- 
My  MO^ejiiipoBaHiiio  h  ynpaBjieHino  c h rrya p  h  a m h  b  hiix,  pa3pa6oTKe  6jiokob  b  HHTejijieKTyajiBHBix  cucTeMax 
noiincpyKKH  ynpaBjieHHecKiix  pemeHiiii,  ochob aHHBix  Ha  KorHHTHBHBix  MO,n,ejiax.  Paspa6oTaHa  MeTO,n,ojioraa 
KOMnjieKCHBix  uccjie^OBaHHH  cjiohchbix  ciictcm  ii  cooTBeTCTByiomaH  eft  nporpaMMHaa  cucTeMa  KorHiiTiiBHoro 
MO,a,ejiHpoBaHHH  (IIC  KM),  OTjnmaioni,aaca  ot  noxoaaix  no  Ha3HaHemiio  nporpaMM  CTpyKTypoft,  pa3HOo6pa- 
3IieM  BBinOJIHHeMBIX  HCCJieflOBaTejIBCKHX  (fiyHKHHH,  B03M0HCH0CTHMH  pemaTB  KOMnjieKC  B3ai'IMOCBH3aHHBIX  3a- 
.gan  ciiCTeMHoro  aHajiii3a.  OcHOBHBie  3agami:  Hge  ht  h  <f)  h  Kan  h  h  o6i>eKTa  b  Bilge  KorHHTHBHBix  MOgejieft  pa3Horo 
Tima,  aHajiii3a  cjiojkhocth  h  cbh3hocth,  ynpaBjiaeMOCTii,  iiabjnogaeMOCTii,  ycTOimiiBOCTii,  nyBCTBHTejiBHOCTii, 
cpeHapHoro  (iiMnyjiBCHoro)  MOgejmpoBaHiia,  nporH03iipoBaHiia  pa3BHTiia  CHTyapnit,  npimaTiia  pemeHiiii. 

K  HacTOHipeMy  BpeMeHii  coBMecTHO  c  pagOM  uccjiegOBaTejieft  BBinojmeHBi  TeopeTimecKiie  h  npaKTimecKiie 
pa6oTBi:  no  iiccjiegOBaHino  ycTOimiiBOCTii,  npoeKTiipoBaHino  CTpaTeraft  ycToftmiBoro  pa3BHTiia  peniOHa  h  uccjie- 
gOBaHino  B3aiiMO,ii,eftcTBH5i  cucTeMBi  o6pa30BaHHH  h  copnajiBHO-SKOHOMimecKoft  cucTeMBi  (Ha  npiiMepe  Pecny6- 
jihkh  AgBiren),  no  MOgejmpoBaHiiio  SKOJiorimecKiix  npo6jieM  (Ha  npiiMepax  KpacHOgapcrcoro  BOgoxpaHiumma 

ii  SKOJioraraecKoro  cocToamia  r.  TaraHpora),  no  MOgejiiipoBaHino  geaTejiBHOCTii  nepecTpaxoBOHHoft  KOMnaHHH 
ii  pa3pa6oTKe  CTpaTemft  ee  ycToftmiBoro  pa3BHTiia,  no  MOgejmpoBaHiiio  HHBecTimiioimoft  geaTejiBHOCTii  h  pa3- 
pa6oTKe  CTpaTeraft  ycToftmiBoro  pa3BHTiia  (BHegpeHBi  b  npaKTHKy  MecTHoro  caMoynpaBnemia  r.  TaraHpora 
b  cjjopMe  pa3jiiiHHBix  HopMaTiiBHO-npaBOBBix  ^OKyMeHTOB  ii  KOHKpeTHBix  HHBecTiiii,HOHHBix  pemeHiiii),  no  MO- 
gejmpoBaHiie  B3aHMOgeftcTBiia  peKpeapnoimoft  OTpacjin  c  copiiajiBHO-SKOHOMimecKoft  cncTeMoft  h  TypiiCTCKoro 
6ii3Heca  (Ha  npiiMepe  PocTOBCKOft-Ha-AoHy  o6jiacTii)  h  pag  gpyrux  npaKTimecKiix  npiuionceHiift. 

ITo  MaTepnajiaM  iiccnegOBaHiift  ony6jiiiKOBaHBi  CTaTBii  h  KHHra  [1-4].  IIpoBegeHHBie  uccjiegOBaHiia  no3BOJin- 
JIH  BBIIITH  3a  paMKH  TpagHgHOHHBIX  KOrHHTHBHBIX  IIH<f>OpMaiI,HOHHBIX  TeXHOJIOrilft.  IIojiyHeH  TaiOKB  pag  IIOBBIX 
TeopeTimecKiix  pe3yjiBTaTOB :  onpegeneHa  B3aiiMOCBa3B  TonojiorimecKoft  CTpyKTypBi  rpacjia  co  CBOiiCTBaMii  iim- 
nyjmcHBix  npopeccoB,  pa3pa6oTaHBi  MOgejrn  B3aHMOgeftcTBiia  cjiohchbix  CHCTeM  (KoajmgHOHHoro  hjih  kohcJdjihkt- 
Horo),  npegCTaBjiaeMBix  npegjioaceHHBiMii  gHHaMmiHbiMH  h e p apx h ' i ec k h m h  KorHiiTHBHBiMii  CTpyKTypaMii. 
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Analysis  of  the  Characteristics  of  the  Socio-Economical  Systems  on  the  Basis  of 
Cognitive  Models,  Methodology  and  Program  System 

Gorelova  G.V. 

Taganrog  Technological  Institute  of  the  South  Federal  University,  Russia 

In  this  report  methodology,  opportunities  and  results  of  modeling  the  structure,  dynamics,  research  of  stability, 
sensitivity,  connectedness,  complexity  and  the  other  characteristics  of  socio-economical  systems  and  their  other 
cognitive  models  are  introduced. 
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The  program  system  of  cognitive  modeling  (PS  CM)  is  elaborated,  it  is  notable  for  it’s  structure,  varieties 
of  executable  researching  functions,  possibilities  to  search  complex  interrelated  problems  of  system  analysis.  A 
whole  series  of  new  theoretical  results  is  getting  on.  The  main  of  them  are: 

-  determination  of  interrelations  of  topological  structure  of  the  graph  with  characteristics  of  impulse  processes, 

-  models  of  interrelation  (coalition  or  conflict)  of  complicated  systems,  that  are  realized  by  dynamical  hierarchical 
cognitive  structures. 

There  are  practical  elaborations  for  a  number  of  territories  of  the  South  Federal  region,  and  several  books 
and  articles  on  the  investigation  materials  are  published. 


CPABHEHHE  JTOKAJTbHO  HAHBOJIEE  MOlUHOrO  HECMEIH;EHHOrO 
KPHTEPM  C  KJTACCOM  KPHTEPHEB  ^3  IIPOBEPKH  rnnOTE3 
O  IIAPAMETPE  HEJIHHEHHOH  PErPECCHH 

rpuropbeB  K).^. 

CaHKm-nemep6yp2CKUu  socydapcmeennuu  9JieKmpomexHUHecKuu  ynueepcumem,  Poccun 

B  .gOKjia^e  npe^CTaBjieH  MeTO^,  cpaBHemra  mouihocti-i  KpuTepueB  pjw  npoBepKii  6jih3khx  runoTe3  o  CKajiapHOM 
napaMeTpe  HejuiHeiiHoii  pei  peccun.  CpaBHimaiOTCH  jiOKajiBHO  Han6ojiee  mohi,hmh  necMemeHHBiH  ln  -  KpiiTe- 
puH  c  KpuTepujiMH  ip ^  3a,n,aHHoro  Kjiacca  BKjuouaioiu,iiM,  b  uacTHOCTH,  ii3BecTHBie  KpuTepuH  HefiMaHa- 
riiipcoHa,  Pao,  Bajiu^a  h  t.,h,.  IIoKasaHO,  uto  moiuhoctb  cooTBeTCTByrorpiix  KpuTepueB  HauimaeT  OTjniuaTBCH, 
Hauimaa  c  ujieHOB  nopa/pca  MajiocTi-i  n_1,  u  sto  OTjiHuue  onpe^ejmeTCH  tojibko  ujieHaMi-i  nopH,n,Ka  MajiocTii 
nT 1/2  CTOxacTH'iecKux  pa3jio»ceHiiii  cooTBeTCTByromiix  CTaTHCTHK.  IIoKa3aHO,  uto  ecjm  b  MO^,ejui  Habjiio.n.eHHH 
{ Rn,Bn,Pg :  0  6  0}  pacnpe^eneHiie  Pg  ciimmctphuho,  to  ln  -  KpnrrepnH  HBjmeTCH  jiOKajiBHO  Han6ojiee  Mom,- 
hbim  OTHOCiiTejiBHO  KpuTepueB  ipn11^  €  \Pn.  9to  onpoBepraeT  npe^nojio>KeHiie  Pao,  uto  KpnrrepnH,  hocmiuhh  ero 
him,  HBjiueTCH  HaujiyumuM  b  Kjiacce  KpuTepueB  Ecjih  pacnpeln,ejieHiie  Pg  aciiMMeTpiiuHO,  to  ln  -  KpuTepun 
cbohctbom  Haii6ojiBmeii  mouihocti-i  He  o6jia^aeT.  B  stom  cjiyuae  oh  MO»ceT  ^OMimupoBaTBCH  KaKHM-jinbo  113  Kpii- 
TepiieB  ip^  ■  IIojiyueHHBie  pe3yjiBTaTBi  HHTepnpeTiipyiOTCH  reoMeTpuuecKii  b  nojiynjiocKOCTi-i  CTaTHCTHuecKHx 
HHBapnaHTOB  OBinB2n,  rpp  Bin  >  0  —  CTaTHCTiiuecKaa  KpiiBH3Ha  9<f>poHa. 


Comparison  Between  the  Locally  Most  Powerful  Unbiased  Test  and  the  Class  of 
Tests  for  Hypotheses  on  the  Nonlinear  Regression  Parameter 

Grigoriev  Yu.D. 

State  Electrotechnical  University,  Saint-Petersburg,  Russia 

We  present  a  method  for  the  comparison  of  the  powers  of  tests  for  testing  contiguous  hypotheses  on  the  scalar 
nonlinear  regression  parameter.  In  this  report  locally  the  most  powerful  unbiased  ln  -  test  and  the  class  T.,,  of 
the  ip^  -  tests  known  as  Neyman-Pirson’s,  Rao’s,  Wald’s  tests  are  considered.  It  is  shown,  that  the  ln  -  test 
is  locally  the  most  powerful  with  regard  to  ipn"'1  G  ’Pn  for  the  observation  model  { Rn,Bn,Pg  :  9  €  0}  with  a 
symmetrical  distribution  Pg  .  It  is  don’t  verify  the  Rao’s  conjecture,  that  Rao’s  test  is  the  most  powerful  one 
among  the  all  tests.  When  the  distribution  the  ln  is  asymmetrical,  the  ln  -  test  has  no  the  locally  the  most 
powerful  property.  In  the  asymmetrical  case  the  ln  -  test  any  of  ’ip^  -  tests  is  dominated.  In  this  report  we 
give  a  geometric  interpretation  of  the  results  obtained  in  terms  of  statistical  invariants. 
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OB  yCTOHHHBOCTH  nPOIJECCOB  MATEMATHHECKOrO 
moaejikpobahm  n  oiithmh3AL];hh  aopokocmhheckhx 

CHCTEM  (AKC) 
flaBHflcoH  B.X.,  HcaeB  B.K. 

IfennipajibHuu  aaposudpoduHaMuuecKuu  uHcmumym  UMenu  npotfi.  H.E.  Xynoecnodo, 

)KyK06CKUU,  Poccuh 

MeTO#  4)yHKu,m"i  JInnyHOBa  h  MeTO,n,  cpaBHeHiia  B.M.  MaTpocoBa  nrpaiOT  Banmyio  pojiB  b  KauecTBeHHOM  aHa- 
Jiii3e  ycTOHHHBOCTi-i  h  .npyrux  cboiictb  y h HaM h ' iec k h x  ciiCTeM.  MeToyBi  peyyKpuii  h  npeycTaBiiMOCTii,  pa3BHTBie 
C.H.  BaciijiBeBBiM  [1],  no3BOJuiiOT  ocbo6o,h,htbch  ot  HeKOTopBix  orpaHiiueHmi  MeToya  cpaBHeHiia  h  paciniipiiTB 
KjiaccBi  yonycTi-iMBix  Moyejieii  iiccjieyyeMBix,  BcnoMoraTejiBHBix  CiiCTeM  h  Kjiacc  OToGpaHceHiiii  (peyyKTopoB), 
OTBenaiomiix  3a  nepeHOCiiMOCTB  cboiictb.  MaTeMaTiiuecKiie  Moyejiii  ochobhbix  3ayan  MexaHHKH  nojieTa  AKC, 
nocTpoeHHBie  b  paMKax  npimpiina  MaKCiiMyMa  noHTpsHTma  h  uiicjieHHBix  mcto^ob  pemeHiisi  KpaeBBix  3ayaH, 
npeycTaBjijnoT  co6oi“i  HexecTKiie  ciictcmbi,  y h  k n h o h  h p y io mu e  b  ycjiOBiisix  xaoca  pa3Horo  ypoBHH  h  nponc- 
xojKyemiH.  MeToyBi  B.M.  MaTpocoBa  h  C.H.  BaciuiBeBa  nepcneKTHBHBi  yjm  aHajiii3a  o6iii,hx  cboiictb  (ycToii- 
HIIBOCTII,  OrpaHII’ieHHOCTH,  IIHBapiiaHTHOCTII,  ynpaBJIHCMOCTII,  npiITHXCeHIIH  H  yp.)  nOyo6HBIX  CiiCTeM.  B  3TOM 
CBeTe  b  yoKjiaye  yaH  o63op  ochobhbix  3ayan  MexaHHKH  nojieTa  coBpeMeHHBix  h  nepcneKTHBHBix  AKC  c  ncnojiB- 
30BaHiieM  MaTeMaTiiHecKiix  Moyejieii,  yonycKaiomux  aHainiTHHecKoe  iiccjieyoBaHiie  CTpyKTypBi  onTiiManBHoro 
ynpaBjieHiiH.  npe^nouTemie  OTyaeTCH  MoyejiHM,  pa3pa6oTaHHBiM  paHee  aBTopaMii  [2]:  oyHopoyHoe  peHTpajiBHoe 
none  THroTeHiiH  (Oljn)  h  ero  m oy h cji ii Ka n h h ,  KBasiiKenjiepoBa  MoyejiB  h  yp.  IfeyuaiOTCH  ycjiOBiiH  nepeHOCii- 
mocth  cboiictb,  b  HacTHOCTii,  3aKOHOB  coxpaHCHHH  (njiocKOCTii  onTHMajiBHoro  ynpaBjieHiiH  b  OH,n,  ypymx 
HHTerpajiOB  yiiHaMiiHecKiix  chctcm)  . 

PaccMOTpeHa  3ayana  onTHMajiBHoro  ynpaBjieHiiH  yjin  AKC,  BKjnouaioiii,Hx  jieTaTejiBHBie  annapaTBi  c  pa3- 
jihhhbimh  THnaMH  ,n,BnraTejieH.  CcjDopMyjmpoBaHBi  yHiiBepcajiBHBie  ycjiOBiisi  onTiiMajiBHOCTii  ynpaBjieHira  Bejin- 
hhhoh  thtii  h  opueHTapneH  caMOJieTa-HOCiiTejui  h  paKeTBi-HOCHTejiH,  yonycKaiomne  CKB03Hoe  pememie  3ayaHii 
ot  Hanajia  npeycTapTOBoro  MaHeBpa  caMOJieTa-HOCiiTejui  yo  BBixoya  KOCMiiuecKoro  annapaTa  Ha  op6iiTy.  Hccjie- 
yoBaHBi  KanecTBeHHBie  oco6chhocth  onTHMajiBHoro  ynpaBjieHiiH  npn  yBHHceHiiii  paKeTHoro  annapaTa  b  nycTOTe. 
AHanHTiiHecKH  pemeHa  KpaeBaa  3ayana  h  nojiyneH  ciihtc3  onTHMajiBHoro  ynpaBjieHini  Ha  aKTiiBHBix  yuacTKax. 
IlccjieyoBaHBi  BBiHiicjiHTejiBHBie  acneKTBi  pemeHiin  KpaeBOii  3ayaHii  yjin  chctcmbi  ypaBHeHiiii  onTHMajiBHoro 
flBHJKeHHH.  Oco6oe  BHiiMaHiie  yyejiaeTCJi  aHajni3y  bjiiihhhh  pa3jniHHBix  cjmKTopoB  na  ycTOiimiBOCTB  npopeyyp 
MaTeMaTiinecKoro  MoyejiiipoBaHiiJi,  onTHMH3aii,HH  h  TepMiiHajiBHoro  ynpaBjieHiiH,  o6ecneHHBaioiii,Hx  peajni3a- 
HHIO  OnTIIMajIBHBIX  TpaCKTOpiIII  AKC  npil  yeitCTBHH  B03MymeHHH. 

nocTpoeHO  napaMeTpunecKoe  ceMeiicTBO  onTiiMajiBHBix  TpaeKTopmi  BBiBeyeHiin  kocmiihcckiix  annapaTOB 
c  noMOipBio  AKC.  PaccMOTpeHBi  oco6eiinocTH  onTHMajiBHoro  npeycTapTOBoro  MaHeBpa  caMOJieTa-HOCiiTejui. 

h  HiicjieHHBiii  aHajiii3  onTiiMajiBHBix  TpaeKTopmi  BBiBeyeHiin  KA  Ha  hhskhc  op6iiTBi  HC3  yjia  Tpex  cxeM 
BBiBeyeHim.  OnpeyejieHBi  npeynonTiiTejiBHBie  o6jiacTii  yjia  pa3jniHHBix  cxeM  BBiBeyeHiin. 
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Mathematical  Modeling  Processes  Stability  and  Airspace  Systems  Optimization 

Davidson  B.Kh.,  Isaev  V.K. 

Central  Aerohydrodynamic  Institute  by  name  of  N.E.  Zhukovsky,  Russia 

Lyapunov  method  and  Matrosov  comparison  method  are  playing  important  role  in  qualitative  assay  of  stability 
and  other  properties  of  dynamical  systems.  Vasyliev  reduction  and  represent ativity  methods  allow  to  get  rid  of 
some  limits  of  comparison  method  and  to  enlarge  classes  of  obtainable  models  of  systems  under  investigation. 
Mathematical  models  of  the  main  problems  in  the  airspace  systems  flight  mechanics  are  constructed  using 
Pontryagin  maximum  principle  and  numerical  methods  of  solution  of  the  boundary  value  problems  look  like 
flexible  systems  functioning  in  the  chaos  conditions  of  different  scale  and  origin. 

In  that  case  there  is  a  review  of  basic  flight  mechanics  problems  of  the  airspace  systems  using  mathematical 
models  permitting  the  opportunity  of  analytical  research  of  optimal  control  structure.  Conditions  of  transfer- 
ability  properties  are  considered,  in  particular,  some  conservation  laws.  The  problem  of  optimal  control  for 
airspace  systems  with  different  jet  types  is  discussed.  Universal  conditions  of  optimal  control  of  thrust  value  and 
orientation  of  the  carrier  aircraft  and  carrier  vehicle  are  formulated.  These  conditions  allow  the  solution-through 
from  the  carrier  aircraft  pre-launch  until  the  vehicle  ascent.  The  boundary  value  problem  is  solved  analytically 
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and  optimal  control  synthesis  on  the  active  arcs  is  received.  Special  priority  was  given  to  analysis  of  the  influence 
of  the  different  factors  on  the  stability  of  the  mathematical  modeling  procedures,  optimization  and  terminal 
control,  that  provide  airspace  systems  optimum  trajectory  under  perturbations. 


AJirOPHTMbI  riAPAJTJTEJIbHOrO  B3HBJlETHOrO 
AAAIITHBHOrO  OKATM 

^eMfaaHOBHH  IO.K.,  Kocoropos  O.M. 

CaHKm.-nemepdypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

Kau  H3BecTHO,  scjxjreKTi-iBHbie  ajiropiiTMbi  o6pa6oTKi-i  6ojibiniix  noTOKOB  HH<J)opMan,HH  (c  toukii  3pemiH  sko- 
homhh  pecypcoB  KOMnbiOTepa:  naMHTii  i-i  BpeMemi  o6pa6oTKii)  CBjraaHbi  c  pa3Jio»ceHiieM  noTOKa  HH<J)opMan,HH 
Ha  cocTaBjunoin,iie:  Bbi^ejiaeTCH  ochobhoh  h h (}:> o p m a u h o h h hi h  noTOK,  yTOUHSHomiiii  imcjiopMai/HOHHbiii  noTOK 
h  HHcjropMapHOHHbiH  noTOK  c  Hecyru,ecTBeHHoii  h h <jx) p m a u h e h .  Bonpoc  o  tom,  nanaa  h h (j:> op m a u h m  HBjiaeTCH 
ochobhoh,  KaKaa  yTOHHJHomeft,  a  KaKaa  iiecymecTBeiiHOii,  bbixo^ht  3a  paMKii  MaTeMaTiiuecKiix  iiccjie^OBaHHii 
h  //ojijkbh  pemaTbca  b  Ka>K/i,OM  ot^cjibhom  cjiyuae  cnei/najiiiCTOM  npe/i,MeTHOH  objiacTH.  IIIiipoKO  ncnojib3ye- 
MbiM  cpe^CTBOM  o6pa6oTKH  hbjijhotch  Habopbi  BjiojKBHHbix  npocTpaHCTB  (jjyHKpiiii  h  hx  npe,n,CTaBjieHHH  b  Bime 
npuMOii  (a  HHor^a  h  opToroHajibHoii)  cyMMbi  BSiiBjieTHbix  npocTpaHCTB  (cm.,  HanpiiMep,  [1-2]). 

B  ^aHHoii  pa6oTe  ctpohtch  ii  nccjie/i,yiOTCJi  a//anTiiBHbie  napajuiejibHbie  ajiropiiTMbi  o6pa6oTKii  noTOKOB 
HiicjiOBoii  h  h ([) o p m a 1 1, h  h  c  pe3KO  MeH5noiu,HMHCH  xapaKTepiiCTiiKaMii,  a  TaKuce  npe/yiaraiOTCJi  nporpaMMHbie  pe- 
ajiH3an,HH  ynoMjmyTbix  ajiropiiTMOB.  B  nepBOM  npnbjiHJKeHHH  ynoMjmyTbie  uiicjiOBbie  noTOKii  xapaKTepii3yiOTCH 
h a j t h T i h e m  peryjiHpHOH  i-i  ciiHryjuipHOH  uacTeii.  Pa3pa6oTaHHbie  nporpaMMHbie  cpe^CTBa  no3BOJiHiOT  noBbiciiTb 
3(j)4)eKTHBHOCTb  CHcaTHH  (no  cpaBHeHino  c  h m e K) i r [h m h c h  ajiropHTMaMH  JPEG  h  /ip.)  /yia  paccMaTpiiBaeMbix 
noTOKOB.  rtpe^,jiaraeMbiii  ajiropiiTM  no3BOjuieT  nojiHOCTbio  3arpy3HTb  ln,ByxrbH/i,epHyio  iijih  /i,ByxnpoH,eccopHyio 
apxiiTeKTypy.  Bo3mo>kho  paccMOTpemie  HecKOJibKiix  cjie/i,yioin,Hx  npHbjiHJKeHHit:  BToporo,  TpeTbero  h  t./i,.  B 
3tom  cjiyuae  hhcjio  scjxjieKTHBHO  3arpy»caeMbix  H/i,ep  (napajuiejibHbix  npopeccopoB)  paBHO  uricjiy  ncnojib3y- 
eMbix  npHbjiHJKeHHH.  AjiropiiTM  BOCCTaHOBjiemisi  no3BOJineT  npoBecTii  BOCCTaHOBjiemie  c  noTepeii  nocjie/i,HHx 
npHbjiHJKeHHfi  iijih  (npn  Heobxo/piMOCTH)  nojiHOCTbio  BOCCTaHOBiiTb  OKarbiri  hiicjioboh  noTOK.  Pa3pa6aTbiBae- 
Mbie  ajiropiiTMbi  h  nporpaMMbi  OTjia»ceHbi  Ha  MO^ejibHbix  npiiMepax. 

06hj,hh  xo/i,  paccyiK^eHiiii  coctoht  b  cjie/iyiomeM  (cm.  [3-4]).  nepBOHauanbHO  c  KajK/jon  ceTKoii  CBH3biBaiOT- 
ch  B-cnjiaiiHbi  BTopoii  CTeneHH.  IIpocTpaHCTBO  B-cnjiaiiHOB,  nocTpoeHHbix  /pm  KpynHoii  ceTKii,  co/i,ep>KHTCJi  b 
npocTpaHCTBe  aHajiornuHbix  cnjiaiiHOB,  nocTpoeHHbix  //jin  MejiKoii  ceTKii.  Hcnojib30Bamie  biiopToroHajibHOii  (k 
B-cnjiairaaM)  cucTeMbi  cjiyHKi/HOHajiOB  no3BOJuieT  nojiyuiiTb  npuMoe  pa3Ji0JKeiiiie  Ha  BSiiBjieTHbie  npocTpaHCTBa 
ii  cooTBeTCTByion/iie  cjiopMyjibi  peKOHCTpyKi/im  h  /i,eKOMno3Hii,HH  /yin  6ecKOHeuHoii  ceTKii  y3JiOB  c  //ByMn  (ko- 
HeuHbiMii  iijih  6ecKOHeuHbiMii)  TOHKaMii  crymeHiiH.  Bee  pe3yjibTaTbi  BepHbi  b  cjiyuanx  KOHeuHoro  uncjia  y3JiOB 
Ha  KOHeuHOM  OTpe3Ke,  a  TaKuce  /yin  nojiy6ecKOHeuHoro  iiHTepBajia. 
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Algorithms  of  Parallel  Wavelet  Adaptive  Compression 

Demjanovich  Yu.K.,  Kosogorov  O.M. 

Saint  Petersburg  State  University ,  Russia 


Adaptive  parallel  algorithms  of  signal  processing  are  investigated.  Formulas  of  decomposition  and  reconstruction 
are  deduced.  Program  realizations  of  the  algorithms  for  two-processors  system  are  proposed.  Schemes  of  the 
program  realizations  are  demonstrated. 
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KAJIHBPOBOHHblE  COOTHOIHEHM  RJISL  HEIIOJIHHOMHAJIbHblX 

CnJIAHHOB  JIArPAH>KEBA  THIIA 

fleMbaHOBHH  KD.K.,  MaxapoB  A. A. 

CaHKm-IJemepUypscKuu  zocydapcmeennuu  ynueepcumem,  Poccuh 

KaK  ii3BecTHO,  cnjiaiiHbi  mwkho  nocTpoiiTb  c  noMom,bio  rjia/txoii  cxjieiixH  <J>yHKii,HH,  3a,n,aBaeMbix  Ha  coce,n,Hnx 
ceTOHHBix  riHTepBajiax;  nocjie  SToro  o6bihho  ii3yuaiOTCJi  hx  annpoxcHMapHOHHbie  CBOiicTBa  (cm.,  Hanpi-mep, 
pa6oTy  [1]  h  6i-i6jiHorpa4)Hio  b  Heii). 

B  npe^jiaraeMoii  pa6oTe  ncnojib3yeTC5i  ^.pyroii  no^xofl:  paccMaTpiiBaiOTCH  annpoKCHMaip-iOHHbie  cootho- 
meHiia  xax  cucTeMa  ypaBHem-nl,  H3  KOTopoii  BbiBO^,HTCH  (xax  nojiiiHOMiiajibHbie,  Tax  h  HenojiiiHOMiiajibHbie) 
cnjiaiiHbi;  npii  stom  annpoxciiMapiiOHHbie,  a  3auacTyio  i-i  HHTepnojiHpiiOHHbie  CBOiicTBa  He  Tpe6yx>T  cnepnajib- 
Horo  H3yHeHiiH ,  nocxojibxy  ohii  BbiTexaiOT  113  annpoxciiMapHOHHbix  cooTHomeHiiii. 

Ifejib  ^,aHHoii  padoTbi  coctoiit  b  nocTpoemni  cucTeMbi  BjioxeHHbix  npocTpaHCTB  ynoMHHyTbix  cnjiailHOB 
npii  npoii3BOJibHOM  h 3 m e j i bT i e h h h  iicxo,h,hoh  ceTxii,  hto  Be^eT  x  BSHBjieTHOMy  pa3Jio>xeHHK)  curHajiOB  c  6biCTpo 
MeH5Hom,HMHCH  xapaxTepncTHxaMH  (cm.  [2]);  sto  cymecTBeHHO  sxohomiit  pecypcxi  (BpeMH  cueTa  h  naMSTb) 
BbiHHCJii-iTejibHbix  CHCTeM .  3^ecb  paccMOTpeHbi  ^Ba>xyi,bi  HenpepbiBHO  ^i-KjMjjepeHpupyeMbie  cnjiaiiHbi  TpeTbero 
nopa^xa  (c  MHHHMajibHbiM  hoci-itcjicm)  na  iiepaBHOMepHOii  ceTxe;  npii  stom  xoop^HHaTHbie  cnjiaiiHbi  HMeeT 
MHHIIMajIbHblH  HOCHTejIb. 

Ochobhoh  pe3yjibTaT  stoii  pa6oTbi  —  xajin6poBOHHbie  cooTHomeHiiH  (cm.  [3])  ,zi,jiji  ynoMHHyTbix  cnjiaiiHOB, 
flaiomiie  npe^,CTaBjiemie  xoop^iiHaTHbix  cnjiaiiHOB  na  xpynHoii  ceTxe  c  noMOin,bio  jiiiHeimoH  xoM6HHau,HH  Ta- 
xoro  >xe  po^a  cnjiaiiHOB  Ha  Mejixoii  ceTxe.  H3BecTHbie  xpaTHO-MacniTa6Hbie  ypaBHemisi  (cm.,  nanpiiMep,  [4]) 
HBjuieTCH  nacTHbiM  cjiynaeM  xajiii6poBOHHbix  cooTHomeHiiii.  B  ^aHHoii  pa6oTe  ncnojib3yiOTCJi  nojiHbie  penouxn 
BexTopoB  (cm.  [3]),  bbo^htch  noHsmie  jioxajibHoii  opToroHajibHOCTii  .zyisi  ,n,Byx  penonex  BexTopoB,  paccMaTpiiBa- 
k)tch  o6o6m,eHHbie  cnjiaiiHbi  h  ycjiOBiisi  hx  rjiapxocTii,  bbopiitch  cnepnajibHaji  nojiiijiHHeiiHaji  BexTop-(f>yHxu,HJi, 
3aBHCHin,a5i  ot  peBHTii  neTbipexMepHbix  BexTopHbix  apryMeHTOB,  h  paccMaTpiiBaiOTCH  ee  CBOiicTBa;  Ha  6a3e  stiix 
CBoiicTB  ycTaHaBjiiiBaiOTCH  ynoMHHyTbie  Bbirne  xajin6poBOHHbie  cooTHomeHiiH.  OcHOBHoe  yTBep>xpeHHe  MO>xeT 
6bitb  npepcTaBjieHO  xax  onepaTopHoe  cooTHomem-ie  Me>xpy  BexTopoM  xooppiiHaTHbix  cnjiaiiHOB  Ha  xpynHoii 
ceTxe  h  BexTopoM  xooppiiHaTHbix  cnjiaiiHOB  Ha  Mejixoii  ceTxe,  npnueM  ynoMHHyTbiii  onepaTop  MO>xeT  6bitb 
npepcTaBjieH  6ecxoHenHoii  MaipHneii.  ITojiynaeMbie  b  pe3yjibTaTe  xajin6poBOHHbie  cooTHomeHiiH  copepncaT  He 
6ojiee  pByx  neHyjieBbix  cjiaraeMbix  h  ponycxaiOT  npocTyio  peajiH3au,nio  na  napajuiejibHoii  BbiHiicjiiiTejibHOH 
ciicTeMe. 
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Caliber  Relations  for  Non-Polynomial  Splines  of  Lagrange’s  Type 

Demjanovich  Yu.K.,  Makarov  A. A. 

Saint  Petersburg  State  University,  Russia 


The  aim  of  the  paper  is  construction  of  caliber  relations  for  coordinate  non-polynomial  splines  connected  with 
refinement  of  grids.  The  obtained  relations  contain  less  then  three  terms  and  therefore  the  relations  can  be 
easily  realized  with  two-processor  computer. 
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COBPEMEHHOE  PA3BHTHE  CTOXACTHHECKHX 
BbIHHCJIHTEJIbHbIX  METO^OB 

EpMaKOB  C.M. 

CaHKm-nemepSypzcKuu  socydapcmeennuu  ynueepcumem,  Poccusi 

KaK  H3BecTHO,  CTOxacTiinecKi-ie  BbiHiicjiHTejibHbie  MeTO,n,bi  (MeTO,n,  MoHTe-Kapjio)  iicnojib3yiOT  npe^CTaBjiemie 
pemeHHH  nnipoKoro  Kpyra  npiiKjia,n,Hbix  3a,a,aH  b  Bi-me  KOHTiiHy ajiBHBix  iiHTerpajiOB  (b  nacTHOCTii,  iiHTerpajiOB  no 
TpaeKTopriHM  cjiynaimbix  npopeccoB).  ITo^i,o6Hbie  npe,n,CTaBjieHiiH  no3BOjnnoT  CTpoiiTb  ajiropiiTMbi,  o6jia,n,aiom,iie 
ecTecTBeHHbiM  cbohctbom  napajuiejiH3Ma. 

B  ^OKjia^e  o6cyjK,n,aiOTCJi  Bonpocbi  onTiiMajibHOCTii  (c  BeposiTHOCTbio  6jni3Koii  k  1)  Tam-ix  ajiropi-iTMOB, 
a  TaK*e  o6o6ni,eHH5i  na  cjiynaii  o6o6m,eHHbix  iiHTerpajiOB  b  CMbicjie  rjiaBHoro  3HanemiH.  Bo3HiiKaiOT  noBbie 
HHTepecHbie  salami  onpe^ejiemiH  B03MO>KHOCTeii  pacnapajuiejiiiBamiH  h  iiccjie^OBaHHH  CTOxacTiinecKoii  ycToii- 
' ni booth.  06cy>K^i,aK)TCH  npi-uioxcemiH  k  3ayj,anaM  ra30BOi"i  /uihemhkh  i-i  i  h; tpo/tu  h aM hkh. 

Modern  Development  of  Stochastic  Numerical  Methods 

Ermakov  S.M. 

Saint  Petersburg  State  University,  Russia 

Stochastic  numerical  methods  (the  Monte-Carlo  method)  use  representation  of  solutions  for  a  wide  class  of 
applied  problems  in  terms  of  continual  integrals.  This  allows  to  build  algorithms  possessing  a  natural  parallelism 
property.  In  the  present  contribution,  optimality  of  such  algorithms  is  discussed  as  well  as  their  generalizations. 
Applications  to  the  problems  of  gas  dynamics  and  hydrodynamics  are  discussed. 


KAHOHHHECKHH  METO^  HHTErPHPOBAHM  HEJIHHEHHblX 

AHHAMHHECKHX  CHCTEM 

E(J)hmob  H.H.,  Mopo30B  E.A. 

HauKoecKuu  mexHOAOdunecnuu  uHcmumym  ( cfnumaji ) 

HcnceecKoeo  eocydapcmeennoeo  mexHuuecKoso  ynueepcumema,  Poccuh 

B  pa6oTax  [1—3]  paccMOTpeH  u  TeopeTiinecKii  o6ocHOBaH  KaHOHH'iecKHii  MeTO,n,  uncjieHnoro  h h rre ip h po b a h h n 
flHHaMuuecKHx  ypaBHeHuft  raMiuibTOHa.  Hcxo^h  h3  Teopiiii  KaHOHiiuecKiix  npeo6pa30BaHHi"i,  6bijio  ,n,OKa3aHO, 
hto  caM  npopecc  uncjieHHoro  iiHTerpiipoBaHHH  yKaaaHHbiM  mcto^om  mojkho  paccMaTpimaTb  Kan  Majioe,  no  no- 
pn^Ky  mara,  KOHcepBaTi-iBHoe  B03Mym,eHne  nccjie^yeMoii  ^HHaMHuecKoft  cncTeMbi.  BbiBO,n,  o  KOHcepBaTiiBHOCTii 
B03Mym,eHHi“i  no3BOJiaeT  ncnojib30BaTb  MeTO,n,  pjisi  nccjie^OBaHHH  ycToftuHBOCTH  iiejiHHenHbix  raMiijibTOHOBbix 
CI-ICTeM  UHCJieHHblMH  MeTOflaMH. 

O^hhm  H3  nanpaBjieHHH  pa3BHTHH  yKasaHHoro  MeTO^a  HBjraeTCH  nocTpoemie  c[>yHKij,HOHa.JibHbix  pn^OB  ua- 
HOHHuecKHx  npeo6pa30BaHHH,  no3BOJijnoin,Hx  nccjie^OBaTb  Bjiinmne  KOHcepBaTHBHbix  B03Myrn,eHHii  pa3JinuHoii 
CTenemi  MajiocTi-i  no  napaMeTpy  mara  HHTerpiipoB am-m . 

B  npe^jiaraeMoii  pa6oTe  ctpoi-itch  Teopnn  KaHOHiiuecKiix  c[>yHKij,HOHa.JibHbix  pn^OB  n  nccjie^yiOTCH  hckoto- 
pbie  o6m,iie  nx  CBoiicTBa.  riponsBO^HTCH  nccjie^OBaHne  xapaKTepa  HejiiiHenHOCTii  KOHcepBaTiiBHoro  B03Mym,eHnn 
BHOCHMoro  CTapiriHMH  njieHaMi-i  pn^OB  (nepBoro,  BToporo  n  TpeTbero) .  BbinojiHeHHbie  nccjie^OBaHHH  no3BOJiHK>T 
C^ejiaTb  BbIBO,H,  O  B03MO>KHOCTH  IICn0JIb30BaHHH  KaHOHIineCKOrO  HHTerpiipOBaHHH  ^JIH  HCCJie^3,OBaHHH  flHHaMH- 
necKiix  cncTeM  b  ycjiOBiiHx  Majibix  KOHcepBaTHBHbix  B03Mym,eHHH. 

Ajih  pememiH  npiiKjia^Hbix  3a^,an  Hejii-iHenHon  flHHaMHKH  paccMaTpiiBaiOTCJi  pasjinnHbie  ajiropiiTMbi  nnc- 
jieHHoro  HHTerpnpoBaHim ,  nocTpoeHHbie  Ha  ocHOBe  Teopnn  KaHOHnuecKnx  ph^ob  n  uccjie^yiOTCJi  nx  CBoiicTBa. 

B  uanecTBe  npi-iMepa  paccMOTpeHO  iicnojib30BaHiie  MeTO^a  pjm  uccjie^OBaHHJi  ycTonniiBOCTH  c[>a30Boro  aH- 
caM6jm  Tonex  b  ycjiOBiiHx  nejiiiHenHoro  noTeHip-iajia. 
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Canonical  Method  of  Integration  of  Nonlinear  Dynamic  Systems 

Efimov  I.N.,  Morozov  E.A. 

Chaykovskiy  technology  institute  (branch)  of  the  Izhevsk  state  technical  university,  Russia 

In  works  [1-3]  a  canonical  method  of  numerical  integration  of  Hamilton’s  dynamic  equations  is  considered 
and  theoretically  proved.  Starting  from  the  canonical  transformations  theory,  it  has  been  proved,  that  the 
process  of  the  numerical  integration  by  this  method  can  be  considered  as  a  small  (regarding  the  order  of  step) 
and  conservative  perturbation  of  the  investigated  dynamic  system.  The  conclusion  about  conservatism  of  this 
perturbation  allows  using  this  method  for  the  numerical  study  of  the  stability  of  Hamilton’s  nonlinear  systems. 

One  of  the  directions  of  the  development  of  this  method  is  a  construction  of  the  functional  series  of  the 
canonical  transformations.  They  allow  investigating  the  influence  of  the  conservative  perturbation  of  various 
degree  of  infinitesimal,  using  the  step  of  integration. 

In  this  work  we  construct  the  canonical  functional  series  theory  and  investigate  some  their  general  properties. 
There  is  a  study  of  the  behavior  of  the  nonlinearity  of  the  conservative  perturbation,  which  brings  in  by  the 
senior  terms  of  series  (the  first,  the  second  and  the  third).  These  studies  allow  drawing  a  conclusion  about  the 
availability  of  the  canonical  integration  for  the  investigation  of  the  dynamic  systems  in  the  conditions  of  the 
small  conservative  perturbation. 

For  the  solution  of  the  applications  of  nonlinear  dynamics  we  consider  the  various  algorithms  of  the  numerical 
integration  based  on  the  canonical  series  theory  and  we  investigate  their  properties. 

As  an  example  we  consider  the  use  of  this  method  for  the  investigation  of  stability  of  the  phase  ensemble  of 
points  in  the  conditions  of  nonlinear  potential. 
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HCII0JIb30BAHHE  KAHOHHHECKOrO  METO^A 

hhteephpobahm  b  npoEKTnpoBAHnn  chctem 

3JIEKTPOHHOH  H  HOHHOH  OnTHKH 

EcJjhmob  H.H.,  Mopo30B  E.A. 

HaunoecKuu  mexHOJiozuHecKuu  uHcmumym  ( (fiuAuaji ) 

MjtceecKoso  eocydapcmeermozo  mexHuuecKOdo  ynueepcumema,  Poccusi 

ITpii  pa3pa6oTKe  chctcm  sjieKTpomio-HOHHOH  onTHKH  B03HHKaeT  Heo6xo,n,HMOCTb  aHajiii3a  HejiiiHeiiHbix  flHHaMH- 
necKiix  cucTeM  b  o6o6m,eHHO  noTeHuyiajibHbix  CTaTiinecKiix  nojisix  (ajieKTpiinecKiix  h  Marm-iTHBix) .  0,h,hi-im  h3 
Ba>KHBix  nacTHBix  cjiynaeB  Tam-ix  nojieii,  hbjihiotch  m arm-iTHBie  nojia  c  aKCiiajiBHoii  CHMMeTpneH,  o6jia,n,aioiii,iie 
cboiIctbom  cjDOKyci'ipoBKii  3apH»ceHHBix  nacTiin,,  hto  no3BOJiaeT  iicnojib30BaTb  hx  b  Marm-iTHBix  cneKTpoMeTpax, 
6eTaTpoHax,  ycKopiiTejiax  [1], 

B  pa6oTe  paccMaTpimaiOTCH  BonpocBi  ncnojiB30BaHiiH  MeTO^a  KaHominecKoro  HHTerpiipoBaHHH  /(HHaMHue- 
ckhx  ypaBHeHiiii  FaMrijiBTOHa  [2]  rjih  MO^ejiiipoBamiH  ^bh^bhuh  3apa»ceHHBix  nacTim,  b  aKCiiajiBHO-ciiMMeT- 
piiHHBix  m arHHTHBix  nojia.  Hccjie,nyiOTCH  (JjOKycupyiomiie  CBOiiCTBa  yKa3aHHBix  nojieii  h  abeppaipiH  Bbi3BaHHbie 
HejIIIHeilHOCTBIO  /(HHaMH'ieCKOH  CHCTeMBI. 

Ha  ocHOBe  npoBe^eHHoro  aHajiii3a  Hai*meH  cnepnajiBHBiii  Bim  MamiiTHoro  nojia  o6jia,n,aiomero  nariMeHB- 
ihhmh  a6eppapiiHMH  npn  (JjOKyciipoBKe  c]m30Bbix  aHcaMbjieii  3apa>KeHHBix  nacTiin,  ot  jiHHeiiHO-npoTJDKeHHbix 

HCTO'IHHKOB. 

npe,n,ejibHO  BbicoKiie  cjDOKyciipylomiie  CBOiiCTBa  Hai*meHHoro  nojia  ,n,ejiaiOT  nepcneKTHBHbiM  ero  iicnojib30Ba- 
Hne  b  o6jiacTHx  MHKpo-  h  HaHOTexHOJioniii. 
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Use  of  Canonical  Method  of  Integration  in  Designing  of 
Electronic  and  Ionic  Optics  Systems 
Efimov  I.N.,  Morozov  E.A. 

Chaykovskiy  technology  institute  (branch)  of  the  Izhevsk  state  technical  university,  Russia 

In  the  design  of  electron-ion  optics  systems  there  is  a  necessity  of  the  analysis  of  the  nonlinear  dynamic  systems 
in  the  integrated  potential  static  fields  (electric  and  magnetic).  One  of  the  important  special  cases  of  such  fields 
is  the  magnetic  fields  with  axial  symmetry,  which  focus  the  charged  particles.  This  makes  it  possible  to  use 
them  in  the  magnetic  spectrometers,  the  betatrons  and  the  accelerators  [lj. 

In  this  work  we  consider  the  use  of  the  method  of  canonical  integration  of  Hamilton’s  dynamic  equations  [2] 
for  modeling  the  movement  of  the  charged  particles  in  the  axial-symmetric  magnetic  fields.  We  investigate  the 
focusing  properties  of  these  fields  and  the  aberrations  induced  by  the  nonlinearity  of  the  dynamic  system. 

On  the  basis  of  the  lead  analysis  we  found  the  special  kind  of  the  magnetic  field,  which  has  the  least 
aberrations  when  focusing  the  phase  ensembles  of  the  charged  particles  of  the  linearly-  extensive  sources. 

The  very  high  focusing  properties  of  this  field  do  its  use  more  perspective  in  the  areas  of  the  micro-  and 
nanotechnology. 
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K  PEIHEHtOO  3AAAHH  3<!><3>EKTHBHOrO  yiIPABJIEHH5I 
0BPA30BATEJlbHbIM  IIPOCTPAHCTBOM  yHHBEPCHTETA 

3axapneHKO  B.C. 

HpKymcKuu  zocydapcmeennuu  ynueepcumem,  Poccun 

Heo6xo,n,i'iMOCTb  noBbinieHiDi  KauecTBa  no,a,roTOBKii  cnepiiajmcTOB  .gincTyeT  HOBbie  npneMbi  ynpaBjiemra  yHH- 
BepcHTeTaMH,  6a3iipyK>mnecH  na  CHCTeMHO-aHajiHTHuecKHx  MeTO^ax  hphhhthh  pernem-ni  [lj.  0/i,hhm  h3  nyTeii 
noBbimeHHH  scjwjieKTHBHOCTH  ynpaBjiemiH  HBjiaeTCH  C03,a,aHiie  cucTeM  no,imep>KKH  npimsiTHH  pernem-iii,  o6ec- 
neniiBaiomiix  KOMcjiopTHyio  im^opMapi-iOHno-aHajii-iTi-iHecKyio  cpe,n,y  no,a,roTOBKii  peineHini  npii  Be,a,ymei“i  pojin 
nejiOBeKa. 

Abtopom  paccMaTpiiBaeTca  3a^3,aHa  nocTpoeHira  a^eKBaTHoii  m arreM arr h ' i ec ko h  MO,n,ejiH  o6pa30BaTejibHoro 
npocTpaHCTBa  ym-iBepci-iTeTa,  KOTopoe  Bbi6iipaeTCH  b  KauecTBe  o6T>eKTa  ynpaBjieHiisi.  IIoHiiTiie  o6pa30BaTejib- 
Horo  npocTpaHCTBa,  npe^CTaBjunomee  co6oi“i  .giiHaMiiuHoe  e^imcTBO  cy6T>eKTOB  o6pa30BaTejiBHoro  npopecca  h 
ciiCTeMbi  hx  OTHomeHiiii,  HBjiaeTCH  BaucHOii  xap aKrrep HCrr h ko h  o6pa30BaTejiBHoro  npopecca.  06pa30BaTejiBHoe 
npocTpaHCTBO,  kslk  ii  ero  ocHOBHbie  sjieMeHTbi  (no.n.CHCTeMbi) ,  othochtch  k  uncjiy  cjiojkhbix  cjia6ocTpyKTypnpo- 
BaHHBix  cucTeM,  HMeioipHx  cymecTBeHHbie  oco6eHHOCTii  [2].  9to  onpe^ejraeT  cnen,H<J)HHecKHH  xapaKTep  salami 
ynpaBjieHiia  b  o6pa30BaHiin  h  uacTiiuHO  o6T>5iCH5ieT  tot  cjrnKT,  hto  ,n,o  HacToaiu,ero  BpeMemi  ochobhhm  iracTpy- 
MeHTOM  ynpaBjieHiia  hbjihiotcji  iiecjiopMajiHSOBaHHbie  MexaHii3Mbi  npimaTi-ia  pemeHHit,  oraipaiomiieca  Ha  onbiT 
h  nHTyiipiiio  ynpaBjieHpeB,  npn  orpaHiineHiiOM  npiiMeHeHiiii  oGTaeKTHBiisiipoBaHHOH  iiHcjjopMapiiii. 

ITocTaHOBKa  salami  ynpaBjieHiia  He  Bceiyi,a  paccMaTpiiBaeTca  kslk  OT,a,ejibHaa  npope^ypa  b  npopecce  cjjopMH- 
poBam-ia  CHCTeMBi  ynpaBjieHiia,  t.k.  b  bojibnimiCTBe  CHTyapnit  opraHii3aii,Hn  CiiCTeMbi  h  npopecca  ynpaBjieHiia 
aBjiaiOTca  TiinoBbiMii  npope^ypaMii.  Oco6eHHO  sto  xapaKTepHO  ^jia  3ayi,aH  ynpaBjieHiia  rrex h h ' rec k h m h  cucTeMa- 
mh.  ripn  paccMOTpemiii  pa3BHBaiOHi,Hxca  cucTeM  npaMoii  nepeHOC  onbiTa  ynpaBjieHiia  TexHunecKHMii  CHCTeMaMH 
nacTO  npiiBO^HT  k  OTpupaTejibHbiM  pe3yjibTaTaM  —  CiiCTeMbi  ynpaBjieHiia  OKa3biBaiOTca  HescjwjjeKTHBHbiMii.  0,n,- 
hoii  ii3  npii'iHH  TaKHx  Heygau  aBjiaeTca  iie^ocTaTOHHoe  BHiiMaHiie  k  3Tany  nocTaHOBKii  salami  ynpaBjieHiia  b 
pa3BHBaiOHi,Hxca  cucTeMax,  b  nepByio  onepe^b  3a  cneT  cnepiKjHinHbix  ^,jia  ^,aHHbix  cucTeM  oco6eiraocTeii:  pejie- 
nojiaraHiia,  pejieycTpeMjieiiHOCTii  h  a^anTiiBHOCTii  no^ciiCTeM. 

XapaKTep  noBe^emia  pasBiiBaiomiixca  cucTeM  TaK»ce  cnepucjuineH.  fl/m  Tamix  chctcm  He  xapaKTepHO  ^.eTep- 
MiiHiipoBaHHoe  noBe^eime,  npn  kotopom  noBTopemie  B03^i,eiiCTBHH  Be^eT  k  o^,H03HanHOMy  noBTopemno  peaKpim 
ciiCTeMbi.  Jlmub  npn  oneHb  orpaHiiueHHbix  ycjiOBiiax  ee  noBe^eHiie  MoaceT  paccMaTpiiBaTbca  kslk  CTOxacTiiue- 
CKoe,  npn  kotopom  BOcnpoH3Be1n,eHHe  ycjiOBiiii  coctohhiih  cpe^bi  cjiynKpuoHiipoBaHiia  CiiCTeMbi  BjieneT  3a  co6oii 
BOCCTaHOBjieHiie  onpe^,ejieiiHoro  Habopa  3aKOHOB  pacnpe^ejieHiia  Bxo^Hbix  nepeMeHHbix  CiiCTeMbi,  paccMaTpii- 
BaeMbix  Kan  cjiyuaiiHbie  BejniHiiHbi.  B  6ojibmiiHCTBe  cjiynaeB  paccMaTpiiBaeMaa  cucTeMa  Be^eT  ce6a  kslk  iih- 
^eTepMiiHiipoBaHHaa  (npn  BOcnpoH3BefleHiiii  coBOKynHOCTii  ycjiOBiiii  cjiynKpuoHiipoBaHiia  BCTynaeT  b  ^.eiiCTBiie 
MexaHii3M  (J)yHKH,HOHajibHOH  a^anTapim) . 

OopMyjnipyeTca  cnepucjaiKa  pejieii  siJxJieKTHBHoro  ynpaBjieHiia  b  coBpeMeHHoii  yHiiBepciiTeTCKOii  cucTeMe; 
npe^jiaraeTca  annapaT  4)opMajni30BaHHoro  omicaHiia  o6pa30BaTejiBHoro  npocTpaHCTBa  yHiiBepciiTeTa,  o6ecne- 
hhb aioipiiH  yneT  cnepiicjaiKii  h  ycjiOBiiii  cjiynKpuoHiipoBaHiia  h  B3aiiMO^i,eiiCTBHa  no^cucTeM  ii3ynaeMoro  o6T>eK- 
Ta.  Bee  3 to  aBjiaeTca  BaacHbiM  STanoM  b  pemeHiiii  3a^ann  siJxJjeKTHBHoro  ynpaBjieHiia  coBpeMeHHbiM  By30M. 
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On  the  Solution  of  the  Problem  of  Modern  University  Effective  Management 

Zakharchenko  V.S. 

Irkutsk  State  University,  Russia 

The  important  stage  in  the  effective  management  of  the  modern  higher  educational  establishment  is  the  creation 
of  definite  systems  for  supporting  of  decisions,  ensuring  the  comfort  information  —  analytical  environment  for 
the  preparation  of  these  decisions  with  the  leading  role  of  a  person. 

The  author  considers  the  construction  of  the  adequate  mathematical  model  of  the  educational  space  of  the 
university  which  is  the  object  of  management.  The  author  formulates  the  specific  purposes  of  the  effective 
management  of  the  modern  university  system  and  suggests  the  system  of  the  formalized  description  of  the 
modern  university,  ensuring  the  consideration  of  the  specific  character  and  conditions  of  functioning  and 
interaction  of  subsystems  of  the  investigated  object. 
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ACHMIITOTHKA  CKOPOCTH  CXOAHMOCTH  K  IIPE^EJIbHOMy 
PE)KHMY  RRR  HEKOTOPbIX  JTHHEHHbIX  CHCTEM 
AH®®EPEHD;nAJlbHbIX  yPABHEHHH 

3eiic|3MaH  A.H. 

BojiozodcKuu  eocydapcmeennuu  nedasoduuecKuu  ynueepcumem 
u  BHKU;  L[9MH  PAH,  Pocctm 

PaccMaTpi-iBaeTca  cncTeMa  jiiiHeiiHBix  ^i-KjxJjepeHpiiajibHbix  ypaBHemiii,  omiCBiBaiomaH  npoqecc  po>K/i,eHHH  h 
rn6ejiH  c  npocTpaHCTBOM  coctohhiih  Sn  =  {0,  ...,1V}.  MaTpiipa  A  TaKoii  ci-iCTeMBi  uBjiaeTCH  HKo6neBoii;  ee 
no,imHaroHajiBHBie  sjieMGHTBi  a k  h  Ha^naroHajiBHBie  ajieMGHTBi  bk  nojioxiiTejiBHBi,  a  cyMMa  ajieMeHTOB  Ka»c- 
,n,oro  CTOji6n,a  paBHa  Hyjiro. 

IlycTB  Sjv  —  cneKTp  MaTpimpi  A,  a  —(.n  h  ~Pn  —  cooTBeTCTBeimo  hhjkhjih  h  BepxHHH  rpaHi-i  MHOxecTBa 
S^v\{0}.  Kax  iraBecTHO,  Bee  tohkh  Eat\{0}  ^eiiCTBiiTejiBHBi,  OTpi-ipaTejiBHBi  h  pasjiH'iHH.  Bojiee  Toro,  —  h 
— /3n  cooTBGTCTBeHHO  ,n,aiOT  noKa3aTejin  mekc h Maj i u  ho h  h  MiiHiiMajiBHoii  CKopocTeii  cxo^hmocth  k  npe,a,ejiBHOMy 
pe>KHMy  (,zi,jih  obiqero  irecTaqiiOHapHoro  cjiynaa  3ti-i  Bonpocbi  H3yHeHBi  b  [1]).  Hojiojkiim  ak  =  ak  +  bk+i  — 
4+iafc+i  -  S^bk,  Xk  =  ak  +  bk- i-i  -  CTfc+iOfc+i  -  (rklbk ,  r^e  Sk  >  0,  ak  >  0.  PaHee  6bijio  ^OKa3aHO  (cm., 
HanpHMep,  [2]),  hto  cyipecTByiOT  e^iiHCTBeHHaH  nojio»ciiTejiBHaH  nocjie^OBaTejiBHOCTB  {<5fc}  h  e^,iiHCTBeHHaH 
nojiTOKHTejiBHaa  nocjie^OBaTejiBHOCTB  {ak}  Taxiie,  hto  Bee  ak  =  Pn,  a  Bee  \k  =  £jv-  B  HacToameii  pa6oTe  c 
noMom,Bio  H3yHeHiiH  BcnoMoraTGjiBHBix  nocjie^OBaTejiBHOCTeii  {hj,}  h  {ay}  iiccjie^yeTCH  acriMnTOTriKa  Pn  h  £jv 
(npi-i  N  — >  oo )  rjiz  nexoTopBix  hobbix  KjiaccoB  npi-uioxem-iii. 

Ahh  MO.gejiii  ci-iCTeMBi  MaccoBoro  o6cjiy>KiiBaHiiH  Tima  M/M/N/N  +  R  c  cooTBeTCTByiomiiMii  ko9<JxJ)hii,h- 
eHTaMH  ak  =  A  >  0,  bk  =  p  •  min (k,N)  >  0  nojiynaeM:  Pn+r/ y  — »  1,  £,n+r/Np  — >  1  npii  IV  —»  oo  n  jiio6om 
noBeflemiii  R. 

JXjisl  npocToii  CTOxacTiiHecKoii  MO^,ejm  xhmhhcckoh  khhcthkh  (cm.  [3])  K03(Jx})nnneHThi  onpe^ejiaiOTCH  cjjop- 
MyjiaMH  ak  =  a(N  —  k)2 /V,  bk  =  kb,  r^e  V  =  Nr ,  a  a,  b  -  nojioxiiTejiBHBie  KOHCTaHTBi.  nojiynaeM:  npi-i  r  >  1 
Pn /b  — >  1,  £]y/Nb  — >  1  npii  N  — >  oo;  npii  r  =  1  /?at  =  0(1),  max(a,  6  <  ^at/X  <  a  +  6)  npii  — >  oo;  npii 
0  <  r  <  1  0{NV-A/2  <  pN)  <  O(N),  ZN/aN2-r  1  npii  N  — >  oo. 

PaSoTa  noAHepxcaHa  POOH,  rpaHT  A2  06-01-00111. 
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Asymptotics  of  the  Convergence  Rate  to  the  Limit  Regime  for 
Some  Linear  Systems  of  Differential  Equations 

Zeifman  A. I. 

Vologda  State  Pedagogical  University,  Russia 

A  system  of  linear  differential  equations  describing  birth  and  death  processes  with  the  state  space  Sn  = 
{0,  -  -  - ,  AT}  is  considered.  Based  on  the  study  of  auxiliary  sequences  {A-}  and  {crfc},  asymptotics  Pn  and  £jv 
(at  N  —3  oo)  are  investigated  for  some  new  classes  of  applied  problems.  A  simple  stochastic  model  of  chemical 
kinetics  is  considered  as  an  example. 


MATEMATHUECKOE  MOffEJIHPOBAHHE 


279 


OBPATHMblE  MO.7TE.TTtT  HEJIHHEHHOH  flHHAMHKH  H  METO^bl 
CHHTE3A  BbICOKOKAHECTBEHHOrO  ynPABJIEHHH 

3otob  IO.K.*,  THMocJjeeB  A.B.** 

*  CaHKm-nemep6yp2CKUu  eocydapcmeennuu  ynueepcumem,  Poccuh, 

**  CaHKm-IJemepSypscKuu  uncmurnym  uHcjjopMamuKU  u  aemoMamusayuu  PAH,  Poccuh 

Ajih  miipoKoro  Kjiacca  HejiiiHeimbix  MO,a,ejieii  ^HHaMHKH  MexaHnnecKiix  h  MexaTpoHHBix  cucTeM,  po6otob  h  jieTa- 
TejibHbix  annapaTOB  nojiyneHBi  KpiiTeprai  hx  o6paTi-iMOCTi-i  (Ha  no/yipocTpaHCTBe) ,  rjio6ajiBHOi"i  ynpaBjineMOCTii, 
CTa6i'ijiH3HpyeMOCTii  h  ^,eKOMno3iipyeMOCTii.  CiiHTe3iipoBaHBi  b  aHajiHTiinecKOM  Bi-me  nporpaMMHBie  .npmueHns 
h  nporpaMMHBie  ynpaBjieHira  TaKHMH  o6rbeKTaMH,  a  TaKxe  ajiropiiTMBi  BBicoKOKanecTBennon  po6acTHoii  CTa- 
6HjiH3an,HH  nporpaMMHBix  ^bh>k6hhh  ii  a,n,anTHBHoro  h  nenpoHHoro  ynpaBjiemni.  IIpe^jiOHceHBi  HejiHHeiiHBie 
KaHOHH'iecKHe  npeo6pa30BaHH5i  KOop^iiHaT  npocTpaHCTBa  coctohhiih  h  ynpaBjieHiin,  ynpomaiomne  ciiHTe3  h 
aHajiii3  ^eKOMno3Hpyioiii,Hx  h  BBicoKOKanecTBeHHBix  peryjiHTopoB  ^bh>k6hhh  o6T>eKTaMH  c  oSpaTiiMBiMii  Hejin- 
h e h h bi m h  MO,a,ejiHMH  flHHaMHKH,  HMeiOH],HMH  nejiHHeHHBie  nepenpecTHBie  CBH3H.  Ha  ocHOBe  nojiyneHHBix  pe3yjiB- 
TaTOB  CHHTe3i-ipoBaHBi  onTHMajiBHBie,  CTa6HjiH3Hpyioiri,He,  po6acTHBie,  a,n,anTHBHBie  h  HeiipoHHBie  peryjiHTopbi 
flBHJKeHHH  po6otob  h  aBTOHOMHBix  (6ecniijiOTHBix)  jieTaTejiBHBix  annapaTOB,  HcnojiB3yK>in,ne  o6paTHBie  cbh3h 
no  (.}.) H 3 H T I ec K M M  HJIH  KaH0HH'I6CKHM  KOOp^HHaTaM  BeKTOpa  COCTOHHI-IH . 

PaSoTa  BBinojmeHa  npn  nacTnnHon  no^epncKe  rpaHTOB  POOH  N2  05-01-08044-o4hi  h  N2  06-08-01612. 


Reversible  Models  for  Non-Linear  Dynamics  and  Methods  for 
Synthesis  of  High-Quality  Control 

Zotov  Yu.K.%  Timofeev  A.V.** 

*  Saint  Petersburg  State  University ,  Russia, 

**  Saint-Petersburg  Institute  for  Informatics  and  Automation  of  the  Russian  Academy  of  Sciences,  Russia 

Criteria  of  reversibility  (on  subspace) ,  global  controllability,  stabilizability  and  decomposability  for  a  wide  class 
of  non-linear  models  of  dynamics  for  mechanical  and  mechatronic  systems,  robots  and  flying  vehicles  have  been 
obtained.  Software  motions  and  controls  for  such  object  and  also  algorithms  of  high-quality  robust  stabilization 
of  program  motions  and  adaptive  and  neural  control  have  been  synthesized.  Non-linear  canonical  transformations 
for  coordinates  of  space  of  states  and  controls  reducing  synthesis  and  analysis  of  decomposing  and  high-quality 
regulators  with  reversible  non-linear  dynamics  models  with  non-linear  crossed  links  have  been  suggested. 


280 


MATHEMATICAL  MODELING 


IIPHMEHEHHE  CIIEIJHAJIbHOH  OOPMbI  YPABHEHnn  JIArPAH>KA 
K  HECYIIIEH  nJIATOOPME  TEJIECKOIIA 

3yeB  C.M.,  TpncJjOHeHKO  b.B. 

CaHKm-nemepSypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccusi 

B  ^aHHoii  pa6oTe  pjisl  omicaHiia  .zpiHaMHKH  Mexami3Ma  njiaTcjropMbi  ynpaBjieHira  aKTiiBHoii  noBepxHOCTBio 
3epKajia  TejiecKona  npe,a,jiaraeTCH  iicnojiB30BaHiie  npi-iMemie  cnenyiajibHOH  cjropMbi  ypaBHemiH  ^hhemhkh  [1], 
AaHHaa  cjropMa  ocHOBbmaeTCH  Ha  ypaBHemm  JIarpaHHta  I  po,a,a  h  no3BOJiaeT  3amicaTb  ypaBHemie  flBHxeHaa 
ciiCTeMBi  TBep,a,bix  Ten  b  bcktophoh  cjropMe,  ya,o6Hoft  pjm  HiicjieHHoro  pemeHira. 

IIojiOHceHiie  h  opueHTapi-iH  no,a,BH>KHoii  njiaTcjropMbi  peryjnipyeTCH  3a  chct  pejieHanpaBjieiiHoro  H3MeHeHira 
fljiHH  CTep>KH6H,  Ha  KOTopbie  OHa  oraipaeTCH,  h  cooTBeTCTByiomero  H3M6HeHHH  yrjiOB  hx  HaKjiOHa  k  ocHOBamiio. 
B  3aBHCHMOCTH  OT  THHa  HiapHIipHblX  COeflHHeHHH  CTep>KH6H  C  OCHOBaHI-ieM  H  njiaTcjjOpMOH  peajIII3yeTCH  TOT  HJIH 
HHoit  na6op  flBHHceHHH  njiaTcjjopMbi. 

IlepBbie  Taxoro  po,n,a  TejiecKonbi  pa6oTaiOT  Ha  PaBaiicKHx  ocTpoBax  h  ctpohtch  b  MeKCHKe. 

Ilccjie^OBaHa  ycTOimiiBOCTb  no  JlanyHOBy  ropii30HTajibHoro  nojiOHceHHH  paBHOBeciiH  njiaTcjropMbi  b  cjiyuae 
ynpaBjieHHH  c  jiHHeftHoft  o6paTHOi"i  CBH3bio. 
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Special  Form  of  the  Lagrange’s  Equations  of  Dynamic  Carrier  Telescope  Platform 

Zuev  S.M.,  Trifonenko  B.V. 

Saint-Petersburg  State  University,  Russia 


Special  form  of  the  Lagrange  dynamic  equations  of  Stewart  Platform  with  3  degree  of  freedom  is  discussed. 
Mobile  Motion  of  mobile  platform  is  controlled  by  three  rigid  rods.  Necessary  and  sufficient  stability  conditions 
of  Horizontal  position  is  dealt  with. 
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MO^EJIHPOBAHHE  nJTOXO  <I>0PMAJIH30BAHHbIX  CHCTEM 

HmaTneB  M.B. 

CaHKm.-nemepSypzcKuu  eocydapcmeennuu  ynueepcumem 
aapoKocMuuecKoso  npuUopocmpoenun,  Poccuh 

PaccMaTpi-iBaeTca  jn-iHrBO-KOM6iiHaTopHoe  MO^ejinpoBaHiie  njioxo  (J>opMajiH30BaHHBix  ci-iCTeM,  pjm  kotopbix  cy- 
ipecTByeT  jii-iiiib  onucaHiie  na  ecTecTBermoM  H3BiKe,  h  KOTopoe  6a3iipyeTCH  Ha  iicnojiB30BaHHH  RjironeBBix  cjiob, 
ochobhbix  noHHTiiii,  cjioJKiiBiniixcji  b  npe,n,MeTHOH  o6jiacTii.  Mo^ejiB  coctoiit  h3  Tpex  rpynn  nepeMeHHBix  —  xa- 
paKTepriCTriK  ochobhbix  noHHTiiii,  hsmchchiih  stiix  xapaKTepucTiiK  h  CTpyKTypupoBaHHOH  iieonpe^ejieHHOCTii  b 
3KBiiBajieHTHBix  ypaBHemisix,  KOTopaa  MO»ceT  6bitb  i-icnojiB30BaHa  ^jih  a^anTapnii  h  ynpaBjieHiisi.  B  KanecTBe 
npiiMepoB  paccMaTpiiBaiOTCJi  MO,zi,ejiH  ropo,n,a,  opraHii3Ma  h  aTMOC(f>epBi. 

CTpyKTypi-ipoBaHHaa  Heonpe^ejieHHOCTB  3a^,aeTCH  npoii3BOJiBHBiMH  K03(J>4Hiii,iieHTaMH  b  CTpyKType  SKBiiBa- 
jieHTHBix  ypaBHeHiiii,  i-ix  pacnpe^ejieHiie  onpe^ejiaeTCH  peKypciiBHO,  hiicjio  npoi-i3BOjiBHBix  K03(J>4Hiii,iieHTOB  S 
onpe^ejiaeTCH  kslk 

S  =  C™+1,  n  >  m, 

rp,e  n  —  hiicjio  nepeMeHHBix  chctcmbi,  to  —  hiicjio  orpaHiiHeHiiii.  PaccMaTpimaiOTCH  ,n,Ba  Bima  aflanTapHH  k  113- 
MeHeHiiHM  OKpyjKaromeii  cpe^Bi  —  BO-nepBBix,  HacTpoiuca  (hjih  caMOHacTpoiuca) ,  Kor^a  b  KanecTBe  iiHCTpyMeHTa 
ncnojiB3yiOTCJi  npoii3BOJiBHBie  K03<J)<J)HH,HeHTBi,  h  neM  6ojiBHie  stiix  KoacjKjiimiieHTOB,  TeM  6ojiBHie  a,n,anTaii,iiOH- 
HBie  B03M0JKH0CTH  CHCTeMBi,  bo-btopbix,  o6yHeHiie(iuiii  caMOo6yHeHiie  ciictcmbi),  Kor^a  b  KanecTBe  IiHCTpyMeHTa 
iicnojiB3yeTCH  HajioJKeiine  iiobbix  orpaHiiHeHiiii  hjih  CHHTiie  CTapBix  orpaHiiHeHiiii.  B  npopecce  HenpepBiBHoro 
o6yHeHiiH,  Kan  ohcbii^ho  H3  (J>opMyjiBi,  ,h,jih  cucTeM  c  hiicjiom  nepeMeHHBix  6ojiBme  rnecTH,  iiMeeT  MecTO  Ha- 
jiHHHe  (JieHOMeHa  a,n,anTaii,iiOHHoro  MaKCiiMyMa.  OcHOBHaa  3a,n,aHa  CHCTeMBi  ynpaBjieHiiH  b  noTOKe  nepeMen 
y^,ep»caTB  cucTeMy  b  30He  a,n,anTaii,iiOHHoro  MaKCiiMyMa. 

JlHHrBO-KOM6iiiiaTopHoe  MO^ejinpoBaHiie  paccMaTpiiBaeTca  nan  3bphcthh6Ckhh  npneM  ^jih  MO^ejinpoBaHiiH 
njioxo  4iopMajiH30BaHHBix  cucTeM  b  ecTecTBeHHBix,  TexHiinecKiix  h  ryMaHiiTapHBix  naynax. 
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Modelling  of  Badly  Formalized  Systems 

Ignatiev  M.B. 

Saint  Petersburg  State  University  of  Aerospace  Instrumentation,  Russia 


Linguo-combinatorial  modelling  of  complex  systems  is  discussed.  Models  of  town,  organism  and  atmosphere  are 
considered  as  examples. 
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MOAMHIjnPOBAHHAH  MO^EJIb  MHPOBOH  flHHAMHKH. 

CIJEHAPHblH  AHAJIH3  COIJHAJIbHOH  BE30IIACH0CTH 
H  B03M03(H0CTH  YCTOHHHBOrO  PA3BHTHH  B  XXI  BEKE 

H3MO,n,eHOBa  K.B.,  MacjieHHHKOBa  A.B. 

Lfenmp  uccnedoeanuH  ycm.ouHueocmu  u  HejiuHeunou  dunaMunu  npu  HMALH  PAH, 

Mocnea,  Poccuh 

B  ^OKjia^e  npe,n,CTaBjieHa  pa3pa6oTKa  MO,n,Hc|)Hii,HpoBaHHOH  MO^,ejiii  mhpoboh  .zpiHaMHXH,  ynyumaiomaH  xjiaccu- 
uecxyio  MO^ejit  A*-  fhoppecTepa  (1969)  b  OTHOinemni  yueTa  CTpaTHcJiHxanHH  HaceueHiiH,  flHHaMHKB  6iiOMaccbi 
pacTi-iTejiBHOCTi-i  cymn,  copiiajiBHO-nojiiiTiiHecKoii  HanpHucermocTH  h  t.,zi,.  c  iicnojiB30BaHiieM  hobbix  imcjiopMa- 
pi-iOHHBix  TexHOjioniH  h  h3bikob  nporpaMMiipoBaHHH. 

ripiiBO^HTCH  pe3yjiBTaTBi  MHoroBapriaHTHoro  cpeHapHoro  aHajiii3a  b  paMxax  ,n,aHHOH  MO^ejiH,  BbinojiHemioro 
Ha  nepcoHajiBHBix  xoMnbiOTepax.  Oco6o  uccjie^OBaHBi  BapnaHTbi  copnajiBHOH  6e3onacHOCTH  h  bo3mo>khocth 
ycTOHHHBoro  MiipoBoro  pa3BHTHH  b  21  Bexe  c  yneTOM  c  rparrn<;)jHKanHH  6e,n,Hbix  h  6oraTbix  cjioeB  HacejieHira. 

Ilccjie^OBaHHBie  cpeHapnn  pa3Bi-m-iH  noKa3BiBaiOT  bo3mo>khoctb  Bbi6opa  cpeHapua  copnajiBHOH  6e3onacHO- 
cth  MiipoBoro  HacejieHiiH  b  21  Bexe.  Ho  He  yn,aeTCH  HaflTH  cpeHapnii  ycTOHHHBoro  pa3BHTHH  b  21  Bexe.  9toi"i 
bo3mo>xhocth  npennTCTByiOT  npiiHHHBi,  CBH3aHHBie  c  nojiiiTHHecxoii  HanpH>xeHHOCTBK)  h  aHTaroHH3MOM  6ora- 
tbix  h  6e,a,HBix  cjioeB  nacejieHHH. 

Kax  noxasbiBaeT  cpeHapHBiii  aHajiira  Ha  MO^HcjumupoBaHHOH  Modern!  mhpoboh  flBHaMHxn,  ecTb  bo3mo>x- 
hoctb  ocym,ecTBjieHHH  ycTOHHHBoro  pa3BHTHH  uejiOBeuecTBa  b  rapMOHim  c  npiipo^oii  tojibxo  npn  ^ocTicxemin 
corjiameHHH  Me>x^y  6oraTbiMii  h  6e,n,HbiMH  cjiohmi-i  HacejieHiiH,  corjiameHira,  CBH3aHHoro  c  yMeHbmeHiieM  pfic- 
napiiTeTa  ,3,0x0,11,0b  ii  copiiajibHoii  o6ecneHeHHOCTH  6oraTbix  h  6e,n,Hbix  cjioeB  HacejieHira. 

Bbicoxiiii  ypoBeHb  arpernpoBamra  MO^ejieii  6e3  pa3,n,ejieHira  Ha  CTpaHbi  h  peniOHbi  Miipa  He  no3BOjraeT 
ynecTb  CTpyxTypHbie  oco6eHHOCTH  cucTeMbi,  noaTOMy  cneflyromiiH  3Tan  —  Bbmejiemie,  cjie^ya  OTueTy  lOHEn- 
KOMA  TEO-3,  ceMii  peraiOHOB  Miipa:  Acjjpuxa,  A3HaTCxo-TnxooxeaHCXHH  peraiOH,  EBpona,  JlaTiiHCxaji  AMe- 
piixa  h  CTpaHbi  Kapn6cxoro  6accei"iHa,  CeBepHaa  AMepnxa,  3ana,n,HaH  A311H  h  nojrapHbie  peniOHbi.  Ctpoiitch 
6a3a  ^aHHbix  h  3HaHiiii  o  MeucxoHTiiHeHTajibHOM  MiipoBOM  pa3BHTiiii  b  21  Bexe.  Cpe^H  uccjie^yeMbix  noxa3a- 
Tejieii:  j (,e m o rp at}) h '  1  e c k h e ,  sxoHOMHHecxne,  copnajibHbie,  npupo/pibie,  b  tom  Hiicjie  cocTOjmne  jiecHbix,  bo^hbix, 
B03^i,ymHbix  pecypcoB  h  ,n,p.  BbinojiHeHa  CTpyxTypii3aii,ira  MO^ejin  /(HHaMiixH  3thx  peniOHOB  Miipa  bo  B3ai-iM0- 
fleiicTBHH. 
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Modified  Model  of  World  Dynamics.  Scenario  Analysis  of  Social  Security  and 
Sustainable  Development  Possibility  in  the  XXI  century 

Izmodenova  K.V.,  Maslennikova  A.V. 

The  Stability  and  Nonlinear  Dynamics  Research  Center  under  Blagonravov  Mechanical  Engineering  Research 

Institute  of  Russian  Academy  of  Sciences,  Moscow,  Russia 

In  this  paper,  we  present  the  development  of  modified  model  of  world  dynamics,  which  uses  new  information 
technologies  and  programming  languages,  and  improves  the  classical  J.  Forrester  model  (1969)  while  taking  into 
account  the  stratification  of  population,  the  dynamics  of  the  land  flora  biomass,  the  social  and  political  tension. 

We  give  the  results  of  poly-variant  scenario  analysis,  performed  on  PC  within  the  frames  of  this  model.  In 
particular,  we  studied  the  variants  of  social  security  and  possibility  of  sustainable  development  during  the  XXI 
century,  considering  the  stratification  of  poor  and  rich  layers  of  society. 


MATEMATHRECKOE  M0JJEJ1HP0BAHHE 


283 


AHHAMHHECKA5I  MO^EJlb  KPATKOCPOHHOH  nAMHTH 
KjiHHfainoB  B.B.,  HeKopKHH  B.H. 

HHcmumym  IJpuKAadHou  Ou3uku  PAH,  Huchchuu  Hoeeopod,  Poccua 

Ilccjie^OBaHiie  cjjyHKHHH  naMHTH  peHTpajiBHoii  HepBHoii  ciiCTeMBi  HBjiHeTCH  o,h,ho  h3  BajxHBiii  h  aKTy ajiBHBix 
3a^3,an  coBpeMeHHOii  HeftpoflimaMHXH.  B  cooTBeTCTBim  co  BpeMeHeM,  b  TeueHiie  KOToporo  ocymecTBjiHeTCH  xpa- 
HeHiie  h h cji) o p m a n h h ,  naMSTb  no,npa31ii,ejiHeTCH  Ha  ,n,ojirocpoHHyio  h  xpaTxocpouHyio,  hjiii  padouyio.  B  nocjie,a,Heii 
HHcjjopMapiiH  coxpaHHeTCH  ,3,0  Tex  nop,  noxa  npo^ojincaeTCH  ee  Henocpe^CTBeHHoe  HcnojiB30BaHiie.  Ilocjie  3Toro 
HHcjjopMapiiH  jih6o  3a6biBaeTCH,  jih6o  3aniiCBiBaeTCH  b  ^.ojirocponHyio  naMHTb. 

Il3BecTH0,  hto  KpaTKoepoHHaa  naMHTb  CBH3aHa  c  B03HiixH0BeHiieM  b  HeoKopTexce  caMonoAHepncnBaromeiicH 
Henponnon  aKTHBHOCTH  b  pe3yjiBTaTe  xp aTKOcponHOH  CTHMyjiHpnn.  0^,HaKO  ,3,0  HacTOHipero  BpeMenn  cpe^,ii 
yneHBix  He  cyipecTByeT  e^imoro  mh6hhh  OTHOCiiTejiBHO  neiipomioro  MexaHH3Ma  (JjopMiipoBaHHH  KpaTKoeponHoii 
naMHTH.  B  nocjie^Hiie  to^bi  noHBiuiacB  HHTepecHan  rnnoTe3a,  ocHOBBiBaiomaHCH  Ha  KOJie6aTejiBHOi"i  npupo^e 
pa6oneii  naMHTH.  B  cooTBeTCTBiie  c  .gaHHOii  rHnoTe3oii,  (JjopMHpoBaHiie  xpaTxocpoHHoii  naMHTH  ocymecTBjiHeTCH 
b  ceTii  raipaMH^ajiBHBix  HeiipoHOB  npn  ee  CTHMyjiHH,HH  nepno^HnecKHM  no^noporoBBiM  curHajiOM.  HHcj^opMapiiH 
b  Taxon  ceTii  coxpaHHeTCH  b  Bime  CTpyxTyp,  hjiii  xjiacTepoB  nepiio^HHecxoii  HeiipoHHoii  axTiiBHOCTii.  Ka>x,ii,BiH 
Taxoii  xjiacTep  cooTBeTCTByeT  o^,HOMy  3anoMHeHHOMy  o6pa3y,  hjiii  npe^CTaBjieHino. 

B  ^aHHOH  pa6oTe  npe^jionceHa  h  uccjie^OBaHa  MO^ejiB  ceTii  mipaMimajiBHBix  HeiipoHOB  no,g  ^eiiCTBiieM  no,n,- 
noporoBoro  nepiio^iiHecxoro  curHajia  b  Bii^e  MHoroMepHoii  HeaBTOHOMHOii  ^HHaMnnecxofi  CiiCTeMBi.  IIoxa3aHO, 
hto  b  Taxoii  ceTii  bo3mo>xho  3anoMHHaHiie  HHcfopMauuH.  Han6ojiee  HHTepecHBiM  cboiictbom  ^aHHoii  CiiCTeMBi 
HBjifleTCH  cnoco6HOCTB  coxpaHeHHH  HecxojiBxiix  o6pa30B,  hjiii  npe^CTaBjieHHii,  o^HOBpeMeHHO,  hto  cooTBeT- 
CTByeT  H3BecTHBiM  CBOiiCTBaM  peajiBHoii  CiiCTeMBi  pa6oHei"i  naMHTH.  XpaHem-ie  HecxojiBxiix  o6pa30B  cootbct- 
CTByeT  cymecTBOBamiio  b  cucTeMe  HecxojiBxiix  nocjie^OBaTejiBHO  B036y>x^aiOHi,HxcH  xjiacTepoB  nepiio^,HHecxoii 
axTiiBHOCTii .  Kajx/jBiH  xjiacTep  npe^CTaBjiHeT  o^i-ih  o6pa3  h  B036y»ynaeTCH  b  CBoeii  (f>a3e  BHeniHero  curHajia. 
MaxciiMajiBHoe  hiicjio  o6pa30B,  xoTopoe  cucTeMa  MonceT  xpaHiiTB  o^HOBpeMenno,  T.e.  eMxocTB  CiiCTeMBi  na¬ 
MHTH,  3aBiiciiT  ot  napaMeTpoB  cbh3ii  HeiipoHOB.  9Ta  3aBiiciiM0CTB  6i>ijia  uccjie^OBaHa,  naii^eHBi  napaMeTpBi, 
OTBeHaiomne  Maxc  h  Maj i  b  ho  u  eMxocTii. 

IIpoBe^eH  6n4)ypxaii,HOHHBiH  aHajiii3  h  ii3yHeHBi  ^HHaMiiHecxiie  MexaHH3MBi,  jiencamne  b  ocHOBe  Ha6jno^ae- 
mbix  scJxJjexTOB.  Cboiictbo  naMHTH  y  OT^ejiBHoro  neiipoHa  o6T>HCHHeTCH  TeM,  hto  npn  CTHMyjiHipiH  nepiio^HHe- 
cxhm  curHajiOM  oh  MonceT  Haxo^,iiTBCH  b  o^hom  h3  ,n,Byx  AHHaMHHecxHx  pejxiiMOB  —  b  penciiMe  no^noporoBBix 
xojie6aHHi“i  hjiii  nepiio^HHecxoii  axTiiBHOCTii.  Bo3HiixHOBeHiie  b  cucTeMe  ,n,Byx  ycTOHHHBBix  TpaexTopiiii  nponc- 
xo^ht  b  pe3yjiBTaTe  ce,n,jio-y3JiOBOH  6H(f>ypxaij,HH.  Bo3mo>xhoctb  xpaHemiH  o^HOBpeMeiiHO  HecxojiBxiix  o6pasoB 
b  aHcaM6jie  HeiipoHOB  CBH3aHa  c  TeM,  hto  b  pe3yjiBTaTe  B3aiiM0^i,eHCTBHH  sjieMeHTOB  sxcnoHeHuyiajiBHO  B03pac- 
TaeT  MyjiBTiiCTa6iijiBH0CTB  CiiCTeMBi.  Ecjih  b  cjiynae  CiiCTeMBi  N  HecBH3aHHBix  HeiipoHOB  hiicjio  aTTpaxTopoB  b 
cucTeMe  paBHO  2N ,  to  npn  BBe^eHiiii  BsaiiMO^eiiCTBiiH  sto  hiicjio  yBejiiiHiiBaeTCH  ^o  (C  + 1) r,n,e  C  —  cmxoctb 
CiiCTeMBi . 

Pa6oTa  BBinojiHeHa  npn  cjumaHCOBOii  no^mepncxe  POOH  (rpaHT  06-02-16137)  h  OoH^a  nexoMMepuecxiix 
nporpaMM  «AiiHacTHH». 


Mathematical  Modeling  of  Working  Memory  System 

Klinshov  V.V.,  Nekorkin  V.I. 

Institute  of  Applied  Physics  of  the  RAS,  Nizhny  Novgorod,  Russia 


A  mathematical  model  of  working  memory  in  the  form  of  network  of  neuron-like  units  is  developed.  We  show 
that  this  network  can  store  information  images  as  clusters  of  periodical  spiking  activity.  Several  sequentially 
excited  clusters  can  coexist  simultaneously,  corresponding  to  several  images  stored  in  the  memory. 
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HEJIHHEHHA5I  flHHAMHKA  KOH^EHCHPOBAHHblX  CPE^ 

CO  CTPyKTYPOH 

KoBajieBCKHii  M.KD.,  JlorBHHOBa  JI.B.,  Man,KeBHn  B.T.* 

EeAeopodcKuu  socydapcmeennuu  ynueepcumem,  Poccuh 
*  Hav/uonaA'bH'biu  naynnuu  yenrup 
«Xapt>KoecKuu  <fiu3UKo-mexHuuecKuu  uHcmumym»,  Ynpauna 

B  ^OKjia^e  npe^CTaBjieHbi  pe3yjiBTaTBi  uccjieflOBaHiiH  KOH^eHCiipoBaHHBix  cpe,a,  c  aHH30TponHBiMii  CTpyKTypHBi- 
mh  sjieMeHTaMH  (o,a,HOOCHBie  h  ,n,ByxocHBie  neMaTiiKii  c  MOJieKyjiaMii  ,n,HCKono,zi,o6HOH  h  CTep>KHenola,o6Hoii  <f>op- 
mbi,  KpoBb).  TepMO,a,i'iHaMiiKa  h  HepaBHOBecHbie  npopeccui  b  Tam-ix  cpe,a,ax  omiCBiBaiOTCH  .gonojiHHTejiBHBiMH 
(J)H3HHeCKHMH  BejIHHHHaMH.  fljISL  HeMaTHKOB  OHII  npe,H,CTaBJIHIOT  Co6oi“l  OpiieHTapi-IOHHbie  H  KOHcjjOpMapiIOIIHbie 
CTeneHii  cbo6o,h,bi,  KOTopbie  yuiiTBiBaiOT  cjjopMy  h  pa3Mep  MOJieKyji.  B  cjiyuae  o^hoochbix  HeM aTiiKOB  KOHcjjopMa- 
h,hohhoh  CTeneHbio  cbo6o,h,bi  HBjineTCH  .gjiiiHa  CTepjKHH  pjm  CTep}KHeno1ii,o6HBix  MOJieKyji,  jih6o  .gnaMeTp  ,n,HCKa 
Asm  1h,hckoho1h,o6hbix  MOJieKyji.  B  cjiyuae  .gByxocHBix  HeM aTiiKOB  KOH^opMapiiOHHbiMii  napaMeTpaMii  hbjihiotch 
pa3Mepbi  MOJieKyjibi  b^ojib  ocefi  aHi-i30Tpomni  h  yroji  MeHqgy  hhmi-i.  OpiieHTapiiOHHbie  h  KOH^opMapiionHbie 
CTeneHii  cbo6o,h,bi  HaMi-i  BBe,a,eHbi  k&k  onpe,n,ejieHHbie  (jiyHKHHH  Teroopa  ^hctopchh.  BbiBe^eHbi  HejiiiHei"iHbie 
ypaBHeHHH  imeajiBHoii  ru/tpo^HHaMHKH  /jaHHbix  jkh^khx  KpiiCTajuiOB  [1-3] .  HaimeHbi  cneKTpbi  KOJUieKTiiBHBix 
B036y*c,i3,eHHH  h  noKasaHO,  hto  yueT  KOHcjDopMapi-iOHHbix  CTeneHeii  cbo6o/i,bi  npuBO^HT  k  noHBjieHino  hobbix  cneK- 
TpoB  KOJUieKTi-iBHBix  B036y JKfleHHH .  AeTajIbHO  npocjieHceHO  Bjiiumiie  (JjopMbi  h  pa3Mepa  MOJieKyji  Ha  npopeccbi 
MacconepeHOca.  Hai*meHBi  h  npoaHajiH3iipoBaHBi  ypaBHemiH,  o6o6ru,aioiii,He  ypaBHemiH  OiiKa.  IlojiyHeHBi  peme- 
hiih  yKa3aHHBix  HejiHHeiiHBix  ypaBHemiH  b  CTapiiOHapHOM  h  HecTapiiOHapHOM  cjiyuaHx  b  ycjiOBiiHx  pa3JiHHHOii 
reoMeTpHH  h  ,n,aHa  hx  (J>H3HHecKaH  HHTepnpeTapuji. 

B  KanecTBe  npiuiOKeHUH  paccMOTpemioro  no,gxo,ii,a  npe,a,jio>KeHa  MO,n,ejiB  flHHaMHKH  KpoBii,  ymiTBiBaiomaH 
cjiopMy  h  pa3Mep  spiiTpopiiTOB  Ha  MaKpocKoniiHecKOM  ypoBHe.  AonoJIHIITejIbHbIM  napaMeTpoM  HBjmeTCH  ^iia- 
MeTp  apiiTpopiiTa.  IlojiyHeHBi  HejiHHeiiHBie  ypaBHemiH  i  e m oj ^  h  h  a m h k h  c  yueTOM  1n,HCCiinaTHBHBix  npoqeccoB. 
BblHCHeHO,  HTO  yneT  (J>OpMBI  H  pa3MepOB  apiITpOpiITOB  npiIBO^IIT  K  B03HIIKHOBeHHIO  HOBBIX  MexaHH3MOB  pejiaK- 
canHH. 
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Nonlinear  Dynamics  of  Condensed  Matters  with  Structure 

Kovalevsky  M.Y.,  Logvinova  L.V.,  Matskevych  V.T.* 

Belgorod  State  University,  Russia 

*  National  Science  Center  "Kharkov  Institute  of  Physics  and  Technology  " ,  Ukraine 

The  nonlinear  equations  of  ideal  hydrodynamics  of  uniaxial  and  biaxial  nematic  liquid  crystals  are  derived. 
It  is  shown,  that  taking  into  account  conformational  degrees  of  freedom  leads  to  appearance  of  new  spectra 
of  collective  excitations.  The  influence  of  molecules  size  and  shape  on  mass  transfer  processes  is  analyzed 
in  details.  The  equations  generalizing  Fick’s  equations  are  obtained  and  analyzed.  As  the  application  of  the 
developed  approach  the  model  of  dissipative  blood  dynamics  taking  into  account  erythrocytes  size  and  shape 
on  macroscopic  level  is  offered. 
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OB  YCTOHHHBOCTH  METO^A  TOnOJIOrHHECKnX  CIIJ1AHHOB, 
IIPHMEHflEMOrO  K  PEIIIEHIOO  HAHAJIBHO-KPAEBBIX  3AAAH 

KoJieCHHKOB  A.n. 

Poccuuckuu  ynueepcumem  dpyotcUu  napodoe,  Poccuh 

B  [1]  omicaH  MeTOfl  nocTpoeHiia  tohhbix  BapiiauyiOHHBix  pemeHHit  rohchhbix  cucTeM  jii-meimbix  cjDyHRuyiOHajiB- 
hbix  ypaBHeHiiii  b  BeKTopHBix  npocTpaHCTBax  c  jiOKajiBHO  BBinyRjioii  Tonojioraieil,  KOTopBie  Ha3BaHBi  ajirebpan- 
'I6CKHMH  cnjiaftHaMH.  TaM  »ce  H3yHeHBi  BonpocBi  cxo^hmocth  BapiiapiiOHHBix  pemeHHit  k  tohhbim  npn  n  — >  oc 
(?i-pa3MepHOCTB  CHCTCMbi) .  nojiyneHHBie  TaRiiM  cnoco6oM  o6T>eRTBi  Ha3BaHBi  TonojioraiHecRHMii  cnjiaftHaMH.  B 
,a,aHHOM  ^.OKjia^e  paccMOTpeHO  npiiMeHeHiie  TonojioraiHecRiix  (qnpocTopoHHHx)  cnjiairaoB,  BBe,n,eHHBix  b  [2]  [3] ,  k 
HanajiBHO-KpaeBBiM  3a^aHaM.  B  nacTHOCTii,  noKa3aHO  npiiMeHeHiie  MeTO,a,a  k  pemeHiiio  3a^,an  Kohiii  ^jih  cucTeM 
jiriHeitHBix  ^ii4)4)epeHH,iiajiBHBix  ypaBHeHiiii  nepBoro  nopH,a,Ka,  oxBaTBiBaiomiix  CTOxacTiiHecKiie  MO^ejni.  Teo- 
puio  Tonojiori-iHecKi-ix  cnjiairaoB  ^jih  iiccjie1n,OBaHHH  cbohctb  pemeHim  mbi  ncnojiB3yeM  CHiiTan,  hto  cjiynaimBie 
(JjyHKHHH,  Bxo,a,HHi,He  b  fliKjHjjepeHpiiajiBHBie  ypaBHeHiiH,  ,zi,ocTaTOHHO  peryjinpHBi.  9to  uccjieflOBaHiie  BRjnonaeT 
b  ce6n  H3yieHHe  BonpocoB  ycTOiiHiiBOCTii  HiicjieHHoro  MeTO,n,a. 

^jih  pemeHHH  HanajiBHO-RpaeBBix  3a,n,aH  Han6ojiee  pacnpocTpaHeHBi  ceTOHHBie  mcto^bi,  b  rotopbix  uccjie- 
^OBaHiie  BejiiiHHHBi  npiipameHHH  Ate*,  pemeHiia  x(t)  pjm  coBepineHira  fc-ro  mara  jiORajni30BaHO  Ha  OTpe3Re 
[tk,  tk+i]  hjih  o6jiacTB  iiccjie^OBaHHH  ,ii,onojiHHTejiBHO  pacmupeHa  Ha  HeROTopoe  Majioe  hiicjio  npe,a,mecTByiOHi,Hx 
OTpe3ROB.  B  npe,ii,jio>ReHHOM  MeTO,a,e  .zyra  nojiyHeHira  npnSjiHjReHHoro  pemeHira  3a^,aHii  b  tohrc  t  ncnojiB3yeTCH 
HHcjjopMapHH,  nojiyHeHHaa  Ha  Bcex  k  npe^Bi^ymiix  marax  TaRiix,  hto  tk  <  t.  9to  cbohctbo  ajiropiiTMa  o6ecne- 
Hi-iBaeT  ycToiiHHBOCTB  HiicjieHHoro  pememisi  no  OTHomeHino  r  cjry'iaiiHhiM  B03Mym,eHiisiM  b  ko3(]x{)h  nneirrax  h 
npaBBix  nacTHx  ^iKjwJjepeHpuajiBHBix  ypaBHeHiiii. 

IlcnojiB3yH  ceTOHHBie  mcto^bi,  bbicoroto  nopa^Ra  ajire6paiiHecRoii  tohhoctii  mohcho  ,h,octhhb,  ecjm  ypaB- 
Hem-ie  xapaRTepirayeTCH  R03(J)4)IIIiI'ieHTaMI1  H  npaBBiMii  nacTHMii  bbicoroh  CTeneHii  rjia^,ROCTii.  B  npoTHBHOM 
cjiynae  ohii  He  hmciot  npeiiMyipecTB  no  tohhoctii  nepefl  pemeHHHMH,  nojiyHeHHBiMii  mcto^om  cnjiaitHOB.  Bojiee 
toto,  mojkho  roBopiiTB  06  onpe^,ejieiiHOM  npeiiMyipecTBe  cnjiaimoBBix  pemeHiiii  no  cpaBHemno  c  ceTOHHBiMi-i, 
oco6eHHO,  ecjm  ROScJxfHiuireH™  H  npaBBie  nacTii  3a^aHBi  c  oiriuftKaMH.  Oho  ^ocTiiraeTca  TeM,  hto  penyppeHT- 
Han  BepciiH  cnjiaiiHOBoro  MeTO^a  b  Ranc^Biii  cjniRCiipoBaHHBiH  momcht  BpeMeHii  ncnojiB3yeT  Bee  HMeBrnneca  r 
3TOMy  MOMeHTy  ^aHHBie.  Hccjie^OBaHiie  MO^ejiBHBix  npiiMepoB  noRa3BiBaeT,  hto  ohih6rh  c  c h m Merrp hhhbi m h 
pacnpe^ejieHiiHMH  ^,a»ce  3HaHHTejiBHOi"i  aMnjiiiTyn,Bi  b  aa/pimm  R034xJ>iiii,HeHT0B  h  npaBBix  nacTeii  ycpe^HaiOTca 
npn  BBiHHCJieHHH  annpoRCHMiipyiomero  pemeHiie  cnjiaima  h  npaRTiiHecRii  ne  bjiiihiot  Ha  tohhoctb  nojiynae- 
mbix  npn6jiH>ReHHBix  pemeHiiii  ^iKjDcjjepeHpuajiBHBix  ypaBHeHiiii.  KpoMe  toto,  b  MeTO^e  cnjiairaoB  mbi  nojiynaeM 
aHajiHTHHecRH  3a^aHHBie  pememiH,  ROTopBie  npiiHa^jiejRaT  Tpe6yeMOMy  Rjiaccy  rjia^ROCTii,  b  to  BpeMH  Ran  b 
ceTOHHBix  MeTO^ax  iiMeeM  rohchhoc  ^iiCRpeTHoe  mhojrcctbo  ToneR,  Hacjie,n,yioiii,ee  cbohctbo  cjiynaitHOCTH,  npn- 
cym,ee  opeHRe  pemeHiia. 
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On  the  Stability  of  the  Topological  Spline  Method  Applied  to 
Initial-Boundary  Value  Problems 

Kolesnikov  A.P. 

Russian  Peoples’  Friendship  University ,  Moscow 

In  the  present  report,  application  of  topological  splines  introduced  previously  by  the  author  to  the  initial¬ 
boundary  value  problems  is  considered.  In  particular,  the  method  is  applied  to  the  Cauchy  problem  for  the  first 
order  linear  differential  equations  involving  stochastic  models.  This  study  includes  investigation  of  the  numerical 
method  stability. 
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MATHEMATICAL  MODELING 


HBJIEHHE  EYOEPHOCTH  B  HEJTHHEHHbIX 
MATEMATHHECKHX  MOAEMX 

KojiecoB  A.IO.*,  Mmnemco  E. <!>.**,  P030B  H.X.*** 

*  flpocjiaecKuil  eocydapcmeennuu  ynueepcumem  um.  II.  R  / JeMudoea ,  Poccuh 
** MameMamuHecKuu  uHcmumym  um.  B.A.  CmeKAoea  PAH,  Poccuh 
***  MocKoecKuu  eocydapcmeennuu  ynueepcumem  um.  M.B.  JIoMonocoea,  Poccuh 

OeHOMeH  6y(J>epHOCTi-i  —  cbohctbo  Hejii-meilHOH  m etcm arr h ' i ec ko h  MO^ejin  pacnpe,n,ejieHHOH  aBTOKOJie6aTejiBHOH 
ciiCTeMBi  ,n,onycKaTB  cymecTBOBamie  jno6oro  a  priori  3a^aHHoro  nncjia  o^hotiiiihbix  aTTpaKTopoB  (ycTonmiBBix 
coctohhiih  paBHOBeciiH,  ycTonmiBBix  nepno,n,iiHecKiix  no  BpeMemi  pememin,  TopoB  h  t.,h,.)  npn  na,n,jie>Kaiu,eM 
BBi6ope  ee  napaMeTpoB. 

Bh^hmo,  nepBoii  ny6jiiiKan,iieii  no  ^aHHOMy  Bonpocy  jrajineTCH  paboTa  A. A.  BiiTTa  [1],  kotopbih  nccjie^OBaji 
MaTeMaTiinecKyro  MO^ejiB  aBToreHepaTopa  Ha  ,h,jihhhoh  ,n,ByxnpoBO^i,HOH  jiiihiih  c  paBHOMepHO  pacnpe,n,ejieHHBi- 
MI-I  HHflyKTHBHOCTBIO,  eMKOCTBIO  H  COnpOTHBJieHIieM.  Ha  OBpHCTI-mGCKOM  ypOBHe  IIM  6bIJIH  yKa3aHBI  yCJIOBIIH 
cymecTBOBaHiin  hb jiemiH ,  Ha3BaHHoro  Bnocjie,n,CTBHH  6y(J>epHOCTBio.  BnepBBie  yBejinnemie  nncjia  aBTOKOJie6a- 
TejiBHBix  penaiMOB  npi-i  H3MeHeHnn  napaMeTpoB  aBToreHepaTopa  yn,ajiocB  3aMeTHTB  SKcnepnMeHTajiBHO  [2]. 

CTporoe  TeopeTimecKoe  nccjie,a,OBaHHe  cjreHOMeHa  6y(J>epHOCTH  ocymecTBjieHO  [3-8]  c  noMompio  6ecKOHen- 
HOMepHoro  aHajiora  aciiMnTOTnnecKoro  MeTO,n,a  KpBuiOBa  -  Borojno6oBa  -  MiiTponojiBCKoro  -  CaMonjieHKO. 
OKasajiocb,  hto  HBjiemie  6y(J>epHOCTH  thhh'iho  rjik  nnipoKoro  Kjiacca  MaTeMaTiinecKiix  MO^eneii,  KOTopnie 
a,n,eKBaTHO  onncBiBaiOT  MHorne  HejinHenHBie  npopeccni,  BCTpenaiorpnecH  b  ecTecTB03HaHHH  (pa,n,Ho4)H3HKe,  Me- 
xam-iKe,  onTiiKe,  Teopnn  ropemia,  aKOJiornn);  ycTaHOBjieHa  cbh3b  6y(J>epHOCTH  c  B03HiiKH0BeHHeM  Typ6yjieHT- 
hocth  h  po»pi,eHHeM  ^HHaMiinecKoro  xaoca  [9,  10].  Hccjie^yeMBie  m arre Marr h ' i ec k h e  MO^ejin  —  KpaeBBie  aa/tami 
Pfla  ; t h (ji) e p e h  n h a j i  b h  hi x  ypaBHeHnit  b  nacTHBix  npoii3BO,n,HBix  rnnep6ojinnecKoro  hjih  napa6ojinnecKoro  Tu¬ 
na,  a  cpeHapnH  B03pacTamiJi  nncjia  ycTOH'iHBwx  nepno^nnecKiix  no  BpeMemi  pememin  pa3BopamiBaeTCH  npn 
CTpeMjiennn  neKOToporo  napaMeTpa  k  Hyjno.  CymecTBeHHO,  hto  noHHTi-ie  «6y<f>epHOCTB»  npe^nojiaraeT  Hajinmie 
6nc])ypKan,HOHHoro  npoqecca,  b  pe3yjiBTaTe  KOToporo  n  nponcxo^HT  HeorpaHHneHHBiH  pocT  nncjia  cocymecTBy- 

k>ih,hx  aTTpaKTopoB. 
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The  buffer  phenomena  were  established  for  some  non-linear  mathematical  models  of  science  that  are  described 
by  boundary  value  problems  for  partial  differential  equations.  This  phenomenon  is  as  follows:  the  models  under 
consideration  can  have  an  arbitrary  fixed  number  of  attractors  if  the  equation  parameter  is  properly  chosen. 
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HMJI  «rHniIOKPAT»,  TupacnoAb,  MoAdoea 

ripii  HCCJieflOBaHHH  pH,n,a  acneKTOB  obmecTBemioro  3aopobbh  b  peniOHe  npiiAHecTpoBBH  HaMi-i  ncnojiB30BajiCH 
MaTepiiaji  roccTaTHCTHKH,  no3BOJi5noin,in“i  ocymecTBiiTB  BBi6opKy  Majioro  obteMa  b  Bime  roAOBBix  KOjie6aHin“i 
c  0,3,1'iHaKOBBiMH  no  npoTH>KeHiiocTH  BpeMeHHBiMii  HHTepBajiaMri  (,n,jiHTejiBHOCTB  Ka:*Aoro  riHTepBajia  —  oaiih 
ro,n).  B  KanecTBe  MaTeMaTiiuecKoro  annapaTa  p,jisi  pejieii  MO^ejiiipoBaHiia  /piHaMHKH  h  nocTpoeHira  nporH03a 
o6m,ecTBePiHoro  3aopobbh  ii36paH  mctoa  napa6ojniuecKoro  crjia»ciiBaHiiH  —  MeTOA  He6bimeBa,  iioaBOJunoiruiii 
annpoKCi-iMi-ipoBaTB  i-iCKOMyio  3aBiiciiMOCTB  b  Bime  nojiiiHOMa  HeKOTopoft  CTenemi  ((JjyHKpiiH  He6bimeBa),  a 
TaK»ce  nojiyniiTB  Kopi-mop  cymecTBOBamiH  MO^ejin. 

ripi-iMeHem-ie  HaMii  MeTO^a  He6bimeBa  rjiz  pejieii  aHajuraa  ji.hh&mhkm  h  nporH03a  o6m,ecTBenHoro  3,a,opoBBH 
b  peniOHe  no3BOJiiuio  bbihbiitb  KoppejiHn,iiOHHyio  3aBiiciiMOCTB  MejK,a,y  napaMeTpaMii  BpeMemi  (ro^a)  h  Me^iiKO- 
AeMorpacJuiuecKiiMii  noKa3aTejiHMi-i  paccMaTpiiBaeMoro  npopecca  (HanpiiMep,  pojKAaeMOCTB,  CMepTHOCTB  n  AP-)- 

ITpii  iiccjieAOBaHHH  3aKOHOMepHOCTei"i  b  paccMaTpiiBaeMBix  npopeccax  o6in,ecTBeHHoro  3aopobbh  6bijiii  hc- 
nojiB30BaHBi  flpa,  cjiynaa  napa6ojmuecKoro  crjiajKiiBaHiiH  —  rjisi  paBHOOTCTOHin,iix  h  HepaBHOOTCTOHm,iix  ap- 
ryMeHTOB.  YKa3aHHBiii  nyTB  iiccjieAOBaHHH  no3BOJinji  nocTpoiiTB  no  nojiyneHHoii  MOAejni  npomo3  b  3aAaHHOi"i 
BpeMeHnoii  nepcneKTiiBe  flHHaMMKH  pa3BHTHH  xapaKTepiiCTiiK  o6in,ecTBeHHoro  3aopobbh. 

MeTOA  He6bimeBa  6biji  peajni30BaH  npn  BBinojiHemin  salami  MOAejinpoBamiH  b  peniOHe  IIpi-iAHecTpoBBH 
ecTecTBeHHoro  ABiixcemiH  HacejiemiH,  3a6ojieBaeMOCTH  iiHcjDeKpiiOHHBiMii,  nciixiinecKiiMi-i  6ojie3HnMi-i  h  AP-  Ajih 
n,ejien  pememiH  3aAann  onpeAeJinjiacn  cjjyHKAHH  He6bimeBa,  a  ajih  Kan<Aoro  H3  ypaBHemin  —  Beniim-ma  OAHoro 
H3  KpiiTepneB  corjiaciia  —  y2  IlnpcoHa,  no  kotopoh  onpeAejnuiacB  BeposiTHOCTB  npaBnjiBHoii  annpoKCHMan,nn. 
nojiyneHHBie  3HaneHiiH  KpiiTepiin  ITupcoHa  npn  cpaBHemin  c  Ta6jinnHBiMn  3  h a( i e h  h m m  h  npiiBejin  k  BBiBOAy,  hto 
ypoBeHB  3HannMOCTH  (npopeHT  onni6Kn)  ne  npeBBimaeT  5%,  T.e.  MaTeMaTiinecKiie  MOAejin  OTpancaiOT  cym,HOCTB 
npopeccoB  c  BepoHTHOCTBio  6ojiee  95%. 

Ajih  peajiH3an,nn  A&HHoro  MeTOAa  b  cncTeMe  ynpaBjiemisi  OTpacjiwo  3ApaBOOxpaHeHiiH  n  copnajiBHOH  3am,H- 
tbi  pernoHa  IlpHAHecTpoBBH  HaMi-i  6biji  pa3pa6oTaH  sjieKTpoHHBin  npoAyKT,  kotopbih  o6ecneniiBaeT  nocTpoemie 
napa6oji  nepBoro,  BToporo  n  TpeTBero  nopHAKa,  xapaKTepn3yioni,Hx  Koppejian,noHHyio  3aBHCiiMOCTB  MexAy  no- 
Ka3aTejiHMH  MeAiiKO-AeMorpa^nnecKoro  npopecca  n  noKa3aTejiHMn  BpeMeHHoro  nepnoAa. 

Ha  ocHOBe  yKa3aHHoro  BBime  MeTOAa  MaTeMaTnnecKoro  MOAOjinpoBam-iH  n  pa3paboTaHHoro  ajieKTponnoro 
npoAyKTa  6biji  nocTpoeH  npomo3  nccjieAyeMBix  npopeccoB  b  3aAaHHBix  HHTepBajiax  BpeMemi  c  bbixoaom  na 
rpa(])H'iecKH  npeACTaBjraeMBin  pe3yjiBTaT  HarjiHAHon  cjropMBi. 


Mathematical  Modelling  of  Dynamics  and  the  Forecast  of  Public  Health 
in  a  Region  on  the  Basis  of  Application  of  Chebyshev’s  Polynomials 

Krachun  G.P. 

Transdniesterian  State  University  named  by  T.G.  Shevchenko, 

Research  laboratory  "HIPPOCRATES" ,  Tiraspol,  Moldova 

Studying  some  aspects  of  public  health  in  region  Transdniesterian  we  used  a  material  of  the  state  statistics, 
allowing  to  carry  out  a  sample  of  small  volume  as  annual  fluctuations  with  identical  time  intervals  (duration  of 
each  interval  —  one  year).  As  the  mathematical  tool  for  the  purposes  of  modelling  of  dynamics  and  construction 
of  the  forecast  of  public  health,  a  method  of  parabolic  smoothing  (Chebyshev’s  method)  is  chosen,  allowing  to 
approximate  required  dependence  as  a  polynomial  of  some  degree  (Chebyshev’s  function),  and  also  to  obtain  a 
corridor  of  model  existence. 

For  the  realization  of  the  given  method  in  a  control  system  of  the  branch  of  public  health  services  and  social 
protection  of  region  Transdniesterian,  we  have  developed  the  electronic  product  which  provides  construction  of 
parabolas  of  the  first,  second  and  third  order  describing  correlation  dependence  between  parameters  of  medico- 
demographic  process  and  parameters  of  the  time  period. 

On  the  basis  of  the  mentioned  above  method  of  mathematical  modelling  and  the  developed  electronic  product, 
the  forecast  of  investigated  processes  in  the  set  intervals  of  time  with  graphically  represented  illustrative  output 
has  been  constructed. 
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MATHEMATICAL  MODELING 


HEKOTOPblE  OCOEEHHOCTH  IIOBE^EHHH  flHHAMHHECKHX 

chctem  b  cjiyhae  cjiAEOH  AnccnnAijnH 

Ky3Heu,oB  A. 11.*’**,  Canim  A.B.*  **,  Camm  ^.B.** 

*  CapamoecKuu  (fm/maA  Hucmumyma  paduomexnuKU  u  ojieKrnpomiKU  PAH,  Poccuh 
**  CapamoecKuu  eocydapcmeemtuu  ynueepcumem,  Poccuh 

IfeBeCTHO,  HTO  flHHaMHHeCKHe  CHCTeMbl  pa3^3,ejIHH3TCH  Ha  flHCCHnaTHBHbie  H  KOHCepBaTI-IBHBie.  B  3aBIICHMOCTH  OT 
n p h  h a; t, j [ e >k h oc rr h  paccMaTpiiBaeMoii  ciiCTeMbi  k  TOMy  hjih  iraoMy  Kjiaccy  ee  flHHaMHKa  ,a,eMOHCTpiipyeT  pH,a,  xa- 
paKTepHbix  oco6eHHOCTei"i.  Tax,  b  fliicciinaTHBHbix  CiiCTeMax  H3-3a  HajiiiHiia  aTTpaxTopoB,  noBe^emie  CiiCTeMbi 
b  onpe,a,ejieHHbix  npe,n,ejiax  He  3aBHCHT  ot  HanajibHbix  ycjiOBiiii.  B  xoHcepBaTiiBHbix  >xe  CiiCTeMax  naHajibHbiii 
cjjasoBbiii  o6T>eM  coxpaHHeTCH,  hto  npiiBO^HT  k  OTcyTCTBino  aTTpaxTopa  h,  cjie^OBaTejibHO,  cymecTBeimoii  3a- 
bhchmocth  peineHira  ot  HanajibHbix  ycjiOBiiii.  OneHb  HHTepecHbiii,  CBoero  po,n,a  «npoMe>xyTOHHbiH»  xjiacc  npe,n,- 
CTaBjiHK)T  co6oii  cjia6o  ^HCCiinaTHBHbie  CiiCTeMbi,  xoTopbie  .neMOHCTpupyiOT  BecbMa  CBoeo6pa3Hyio  ^HHaMHxy 
[1].  Ochobhoh  ee  oco6eHHOCTbio  HBjuieTCJi  cocymecTBOBamie  6ojibmoro  Hiicjia  Hi-i3xonepHO,n,HHecxHx  aTTpaxTO- 
pOB,  HTO  npHBO,H,HT  X  CyiipeCTBeHHOH  3aBHCHMOCTH  flHHaMHXH  flHCCHnaTHBHOH  CHCTeMbI  OT  HaHajIbHbIX  yCJIOBHH. 
B  HacTOHHj,ei"i  paboTe  npoBO^HTCH  HCCJie^OBaHiie  HexoTopbix  oco6eHHOCTei"i  Taxoii  ^iiHaMiixn  Ha  npiiMepe  ii3BecT- 
hoh  ciiCTeMbi  Hxe^bi  zn+ 1  =  A  +  B  znexp{i{\zn\2  +  if)),  b  xanecTBe  <f>ii3iiHecxoH  peanH3an,HH  xoTopoii  MO>xeT 
BbiCTynaTb  HejiimeimbiH  ochjijijihtop  c  HMnyjibCHbiM  B036yjx,a,eHHeM  hjih  xojibpeBOii  oimi'iecKHH  pe30HaTop  co 
cpe^oii  c  (JiasoBOH  HejniHeimocTbio  [2-3]. 

C  pejibio  BbiHBjieHiiH  3aBHCHMOCTii  ycTaHOBiiBinerocH  pejxHMa  ot  HanajibHbix  ycjiOBiiii  u,ejiecoo6pa3HO  npo- 
Ha6jno^aTb  c  noMOiipbio  xoMnbiOTepa  «xoH,n,eHcaij,Hio»  o6jiaxa  ii3o6pa>xaioiii,Hx  Tonex  Ha  aTTpaxTopbi.  Ha  nep- 
Bbix  CTa^iuix  9bojiioh,hh  o6jiaxo  H3o6pa>xaiOHi,Hx  Tonex  no  CBoeMy  Bii^y  cxo>xe  c  bh^om  (J>a30Boro  nopTpeTa  b 
xoHcepBaTHBHOM  cjiynae.  O^Haxo  b  ycTaHOBiiBineMCH  penaiMe  mojkho  Ha6jno,n,aTb  oneHb  6ojibmoe  hiicjio  npn- 
THniBaiomHx  Tonex,  hto  CBimeTejibCTByeT  o  HajiHHHH  MyjibTHCTa6iuibHOCTH.  uccjie^OBaHHH  stoto  HBjieHira 
Hcnojib30Bajicsi  MeTO^,  nocTpoeHira  Ha  o^hoii  ,n,HarpaMMe  Bceii  CiiCTeMbi  6H(J>ypxaij,HOHHbix  ^epeBbeB.  B  Harneii 
pa6oTe  c  noMOin,bio  flaHHoro  MeTO^a  6bijih  nojiyHeHbi  ^narpaMMbi,  OTo6pa>xaiom,He  3aBiiciiMOCTb  Hiicjia  aTTpax- 
TopoB  ot  ynpaBjuuomero  napaMeTpa  h  xapaxTep  hx  H3MeHeHiiH.  npn  aHajiii3e  Taxux  ^.iiarpaMM  ^jih  pa3jiiiHHbix 
3HaneHHH  napaMeTpa  ^HCCiinapiiH  B  6bijio  BbiHBjieHO  6ojibmoe  hiicjio  cocymecTByiomiix  aTTpaxTopoB,  npeiiMy- 
m,ecTBeHHO  nepiiO/iH'iecKHx,  xoTopbie  no  xapaxTepy  hx  rpaHCijjopManHH  npn  H3MeHeHHH  napaMeTpoB  A  h  B 
6buiii  pa3^ejieHbi  na  ,n,Ba  Tima.  KpoMe  toto,  6bijio  obHapyxteHO,  hto  .gjnma  nepexo^Horo  npopecca  b  Hameii 
cucTeMe  Hpe3BbiHaiiHO  Bejinxa  h,  xpoMe  toto,  oneHb  HepaBHOMepHO  3aBHCHT  ot  3HaHeHiia  napaMeTpa  A. 

B  CBH3H  c  TeM,  hto  b  jno6oi"i  peajibHoii  cucTeMe  h6bo3mo>xho  nojiHOCTbio  iicxjnoHHTb  BjiiiHHiie  myMa,  6bijio 
npoBe^eHO  iiccjie^OBaHHH  ycTOiiHiiBOCTii  obHapyjxemroro  MHO>xecTBa  aTTpaxTopoB  cjia6o  ^iicciinaTHBHOH  cucTe- 
Mbi  x  cjiynaiiHOMy  BHemneMy  B03,n,eHCTBHio.  HiicjieiiHoe  MO^ejiiipoBaHiie  noxasajio,  hto  6ojibmiiHCTBO  aTTpaxTO- 
pOB  HBJUUOTCH  HeyCTOHHHBbIMH  X  myMOBOMy  B03^eiiCTBHIO,  HO  B  TO  >xe  BpeMH  MOJXHO  Bbl^ejIIITb  H  CpaBHI-ITejIbHO 
ycTOHHHBbie  no  OTHomeHino  x  myMOBOMy  B03,n,ei1CTBHio  aTTpaxTopbi. 

PaSoTa  noAHepncaHa  rpaHTOM  POOH  Ne  06-02-16773 
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Some  Peculiarities  of  the  Behavior  of  the  Dynamical  Systems 
in  the  Case  of  Very  Weak  Dissipation 

Kuznetsov  Savin  A.V.*’**,  Savin  D.V.** 

*  Institute  of  Radio  Engineering  and  Electronics  of  RAS,  Saratov  branch,  Russia 
**  Saratov  State  University,  Russia 

The  behavior  of  well-known  Ikeda  map  in  the  case  of  very  weak  dissipation  that  gives  the  very  interesting 
example  of  weakly  dissipative  dynamics  is  investigated  in  our  work.  The  main  results  concern  to  the  structure 
of  the  phase  space  of  the  system,  particularly,  the  coexistence  of  a  big  number  of  periodic  attractors  is  shown 
and  evolution  of  their  number  and  structure  while  the  decrease  of  the  dissipation  is  revealed.  Also  it  is  shown 
that  the  transient  time  in  such  systems  increases  dramatically,  and  the  influence  of  the  noise  on  the  system  is 
investigated. 
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BJIMHHE  AJTbOA-CTHMYJIHPyiOmErO  HEHPOEHOYIIPABJIEHHH 
HA  HEJIHHEHHYIO  flHHAMHKY  DJIEKTPODHIJEOAJIOrPAMMbI 

KyjiMaraM6eTOB  H.P.,  KonnybeKon  B.K.,  PnKJiecJjc  B.n. 

KapadanduHCKan  zocydapcmeennaH  Meduyuncnan  anadeMUH,  Ka3axcman 

KaK  ii3BecTHO,  o,h,hhm  h3  im/pixaTopoB  a^anTHBHoro  HanpHuceHiiH  cjiyjxiiT  ajibcjia-iiH^eKC  99T.  Ajib(J>a-,ii,Hana30H 
OTpajxaeT  iiHTeHCiiBHOCTb  noTOKa  imcjjopMapini,  cjie^yromero  ii3BHe  h  peryjinpyromero  ypoBeHb  6o/3pcTBOBaHHii 
h  b  onpeln,ejieiiHOH  CTenemi  o6ecneuHBaeT  cJjoh,  HeKoe  6a30Boe  cocToamie  pjisi  HopManbHoii  SMopnoHajibHoii  h 
HHTejijieKTyajibHoii  >kh3hh  uejiOBexa.  Ajib(J>a-TpeHHHr  ocHOBbiBaeTCH  Ha  nonbiTKe  a,a,anTHBHoro  6iioynpaBjieHiiH 
rapMOHH3ripoBaTb  cooTHomem-ie  3Toro  piiTMa  k  /[pyruM,  co3,a,aBaH  npn  stom  6jiaronpiiHTHbiii  nciixosMopiio- 
HajibHbiii  cJdoh  >KH3He,a,eHTejibHOCTH  h  bmcokoh  pa6oTOcnoco6HOCTi-i.  Pokh  m  ajib(J>a-TpeHHHra  TaxHte  momt 
6biTb  npiiMeHeH  KaK  caMOCTOHTejibHbiii  MeTO,a,  pjisi  noBbimeHiia  HHTejijiexTyajibHO-MHecTHHecxHx  h  koi  hhthb- 
Hbix  cjjyHKHHH  nejiOBeKa  (naMSTb,  BHHMamie,  KOHpeHTpapi-iH,  cocpe,n,OTOHeHHOCTb  i-i  t.,h,.). 

B  nacTOHipeM  HCCJie^OBaHHH  npoBO,a,Hjiacb  opeHxa  3(J>4)eKTHBHOCTH  ajibcjDa-CTHMyjiiipyiomero  HeHpo6iio- 
ynpaBjieHHH  c  noMOipbio  mcto^ob  HejiiiHeiiHoii  /p-iHaMHKH.  fljisi  npoBe^emiH  ceaHCOB  ajibcjDa-CTHMyjiHpyromero 
6iioynpaBjieHiiH  Shjih  OTo6paHbi  10  .geTeii  (cpe^Hiiii  B03pacT  12,2  ±2,1  jieT).  Y  Bcex  iiccjie,gyeMbix  ^OMimaHTHbiM 
HBjiajiocb  jieBoe  nojiymapue  rojiOBHoro  M03ra.  Kypc  BOC  .gjra  xa:>K,goro  HCCJie,gyeMoro  BKjironaji  b  ce6a  5  ceaH- 
cob  no  ppa,  no.gxo.ga  xauygbiH,  npo,a,oji>KHTejibHOCTbK>  5  Mi-myT  c  ; t By x m h  h  y  t  h  m m h  nepepbiBaMH.  YnpaBjiaeMbiM 
napaMeTpoM  hbjihjich  anbcjm-i-iH^eKC  99r.  Pe6eHOx  Mor  BiggeTb  Ha  MOHHTope  KOMnbiOTepa  ctoji6iik,  BbicoTa 
KOToporo  cooTBeTCTBOBajia  BejiiiuiiHe  paccuiiTaHHoro  ajib<J>a-HH,geKca  99r.  Banana  HCCJie,gyeMoro  cocToajia  b 
MaKCHMajibHOM  yBejiHHeHiiii  BbicoTbi  CTOJi6n,a.  A113  AOCTinxemiH  stoii  pejin  ncnbiTyeMOMy  npegpiarajiocb  b  xo,ge 
Tpem-iHra  nonbiTaTbca  pacnpe^ejiiiTb  BHiiMaHi-ie  Menygy  BHyTpeHHHM  ongyngemieM  i-i  xapTHHoft  Ha  /picnjiee,  no- 
CTapaTbCH  nonyBCTBOBaTb  cbh3b  Me»c,gy  onpe^ejieHHbiM  cocTOHHiieM  i-i  cooTBeTCTByiongHM  eMy  H3o6pa»ceHHeM 
Ha  3KpaHe.  PacueT  xoppejijngHOHHOH  pa3MepHOCTH  ocyngecTBjiHjiCH  npn  noMongn  naxeTa  nporpaMM  TISEAN  b 
aBTOMaTrmecKOM  pejKHMe  no  MeTO^uxe,  npegyioxceHHOH  A. A.  Mexjiep  (2004).  3a  3HaneHi-ie  D2  npiiHHMajiocb 
3HaneHiie  xoppejungHomiOH  pa3MepHOCTi-i  npn  pasMepe  (J>a30Boro  npocTpaHCTBa  15,  ycpe^Hennoe  no  njmi  10- 
ceKyH^HbiM  snoxaM  99P  npn  nacTOTe  flHCKpeTH3an,HH  curHajia  250  Tig. 

B  xo,ge  iiccjie^OBaHHH  HaMH  6buia  npo,geMOHCTpHpoBaHa  bosmohchoctb  npiiMeHemiH  HejniHeimbix  mcto^ob 
opeHKH  flKHaMHKH  99P  gpra  aHajiH3a  H3MeHeHiiH  4)yHKH,HOHajibHoro  coctohhhh  b  xo^e  ajib(J)a-CTHMyjiHpyiOHi,ero 
BOC-TpeHHHra.  A113  ohohkh  cjiojxhocti-i  flHHaMHKH  cncTeMbi  b  xo,ge  6iioynpaBjieHHH  6bijih  npoaHajiH3i-ipoBaHbi 
3HaneHHH  KoppejungiioimoH  pa3MepHOCTH  b  pasjniHHbix  OTBe,geHH5ix  99r  ^o  h  nocjie  ycneniHbix  i-i  neycnemHbix 
ceaHCOB  6i-ioynpaBjieHHH.  IlMejiacn  HexoTopaa  3aBHCHMOCTb  Mexygy  hcxo^hbimh  SHaneHHMMH  KoppejiapHOHHOH 
pa3MepHOCTii  h  floCTHHcemieM  pejn-i  6HoynpaBjieHiia  noBbimemia  ajib<J)a-HH^i,eKca.  HeycneniHbie  ceaHCbi  xa- 
paKTepii30BajiHCb  hii3khmh  3HaneHHHMH  D2  b  tomohhbix  ii  biicohhbix  OTBe^eHiiax  ^.OMiiHaHTHoro  nojiymapna. 
IIpHHHMaa  bo  BHHMam-ie,  hto  MexaHH3Mbi  6iioynpaBjieHHH  OKOHnaTejibHO  em,e  He  BbiacHeHbi,  ^,aHHbiii  cjjaKT, 
no-BHflHMOMy,  CBii^eTejibCTByeT  o  tom,  hto  6ojiee  «xaoTHHHbie»  cncTeMbi  (c  6ojibmei"i  Koppejnnp-iOHHOH  pa3- 
MepHOCTbio)  jieme  ynpaBjiaiOTca,  b  ciuiy  CBeii  njiacTHHHOCTH.  3aBHCHMOCTb  Menc^y  cjiojkhoctbkj  opraHH3an,HH 
99r  HMeHHO  b  BiicoHHbix  h  TeMeHHbix  o6jiacTHx  ^OMHHaHTHoro  nojiymapiia  h  ycneniHOCTbio  ceaHca  BOC  mo- 
»ceT  6bitb  o6T>acHeHa  npe^CTaBiiTejibCTBOM  b  stiix  o6jiacTax  accopiiaTHBHbix  30H  Kopbi  6ojibHmx  nojiymapnii, 
OTBenaiomiix  3a  npocTpaHCTBeHHbiii  aHajiH3  h  ciiHTe3,  a  TaK*e  (JjopMHpoBaHHe  OTBeTHoro  noBe^eHiia  opra- 
HH3Ma  Ha  BOcnpiiHHMaeMbie  CTHMyjibi.  llocjie  ceaHca  6iioynpaBjieHHa  3HaHemia  KoppejiapHOHHoii  pa3MepHOCTi-i 
99r  B03pacTajiii  npaKTHnecKii  bo  Bcex  OTBe^emiax,  npuneM  Kax  b  ycnemHbix,  Tax  h  neycnemHbix  ceaHcax, 
CBimeTejibCTBya  o  nepexo^e  cncTeMbi  b  «noiicxoBOH  pe>KHM»  ,a,jia  ^ocTiiaceHiia  hoboto  cocToamia. 


Influence  of  Alpha-Stimulating  Neurobiofeedback  on 
Non-Linear  Dynamics  of  Electroencephalogram 
Kulmagambetov  I.R.,  Koichubekov  B.K.,  Ricklefs  V.P. 

Karaganda  State  Medical  Academy,  Kazakhstan 

We  analyzed  the  efficiency  of  alpha-stimulating  neurobiofeedback  using  the  methods  of  non-linear  dynamics. 
The  non-efficient  sessions  were  characterized  by  the  lower  values  of  correlation  dimension  in  parietal  and 
temporal  EEG  leads  of  dominating  hemisphere.  After  both  efficient  and  non-efficient  sessions  of  biofeedback, 
the  correlation  dimension  of  EEG  increased  in  all  the  leads,  testifying  about  the  chaotic  "searching  process"  for 
the  new  functional  condition. 
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MATHEMATICAL  MODELING 


METOA  PACHETA  KOPPEMIJHOHHOH  PA3MEPHOCTH 
3JIEKTPOKAPAnOrPAMMbI  nPH  HEnPOAOJI^CHTEJlbHOM 

bpemehh  PErncTPAu;nn 

KyjiMaraM6eTOB  H.P.,  KonnySeKon  B.K.,  PHKJiecJac  B.II. 

KapazanduncKan  socydapcmeennaH  Meduupmcnan  anadeMun,  Ka3axcman 

B  nocjie^Hee  BpeMH  nojiynujiH  pa3BHTiie  cnoco6bi  iiccjie^OBaHHH  ,n,HHaMHHecKoro  pa,ii,a  R-R-iiHTepBajiOB,  oc- 
HOBaHHBie  na  MeTO,n,ax  Teopim  ,n,iiHaMiiHecKoro  xaoca.  0/i,hi-im  H3  He^,ocTaTKOB  cymecTByiomiix  ajiropiiTMOB 
pacneTa  KoppejiHHjiOHHOH  pa3MepHOCTi-i  HBjmeTCH  Tpe6oBaHiie  k  .zyiiiHe  uccjie^yeMoro  BpeMeimoro  psma  no- 
cjie^OBaTejiBHOCTeii  R-R-iiHTepBajiOB.  BbinojiHeHiie  cymecTByiomiix  Kpi-iTepi-ieB  Tpe6yeT  aaiiucH  10000  h  6ojiee 
R-R-iiHTepBajiOB,  hto  npn  cpe^Heii  nacTOTe  cep,n,eHHbix  coKpamemiii  70  yn,/MHH  cocTaBjmeT  3aniiCB  9KT  b 
Tenemie  2  h  6ojiee  nacoB.  O/ipaKO,  npii  MaccoBBix  o6cjie^,OBaHHHx  h  npii  HeKOTopbix  (JjyHKpiiOHajiBHBix  npo- 
6ax  no,a,o6HBie  ^,jiiiTejiBHBie  aanucu  CTaHOBHTCH  h6bo3mo>khbimii.  Han6ojiee  npe^noHTi-iTejiBHBiMi-i  hbjijhotch  5 
MHHyTHhie  3anncH,  KOTopbie  peKOMeH,nyiOTCH  b  KanecTBe  6a30BBix  bbi6opok  (BaeBCKiiii  P.M.  h  coaBT.,  2001). 

HaMi-i  npe^jiaraeTCH  iicnojiB30BaTB  cjieflyiomiiH  cjjopMaT  npe^CTaBjieHiia  ,a,aHHBix  rjih  MaTeMaTiinecKoro  aHa- 
jiii3a  Bapiiapiii-i  cep^enHoro  piiTMa  (BCP):  H3  ncxo^Horo  p a^a  R-R-iiHTepBajiOB  nojiynaiOT  hobbih  pa,a,  ,n,HCKpeT- 
hbix  3Ha'ieHHH  Xi,  i  =  1,2, . . . ,  N,  ocHOBaHHoro  Ha  nojioJKeHini,  hto  BCP  3a^aeTCH  HenpepbiBHoii  cjjyHKpiieii 
ot  BpeMemi  —  x(t),  onpe^,ejieHHoii  na  MHOxecTBe  sjieMeHTapHbix  co6bithi"i  —  MOMeHTax  noHBjiemiH  R  3y6n,OB. 
3HaHeHIIH  (jjyHKHHH  B  3TI-I  MOMeHTBI  paBHBI  BejIHHHHaM  COOTBeTCTByiOHpIX  R-R-HHTepBajIOB .  3HaHeHIIH  cjjyHK- 
Hhh  b  npoMexyTKax  BpeMemi  Mexyny  MOMeHTaMii  noHBjieHim  R  3y6n,OB  paccmiTbiBaiOTCH  MeTO^OM  cnjiaiiHOBoii 
Ky6iiHecKOi"i  HHTepnojiHu,HH.  Pha  ctpohtch  KBaHTOBaHiieM  (JjyHKHHH  x(t)  c  maroM  dt  mc. 

HaMi-i  npoBe^eHO  kb aHTOB am-ie  nojiyHeHHoii  HenpepbiBHoii  (JjyHKpiin  x{t)  Ha  5  MimyTHOM  HHTepBajie  perai- 
CTpapiiH  c  maroM  dt  =  250,  200,  125  h  100  mc.  Kap/pioiiHTepBajiorpaMMa  6buia  3am-icaHa  y  26  CTyn,eHTOB  b 
B03pacTe  18-25  jieT.  JIflR  Ka:*yi,oro  ^i-maMi-iHecKoro  p a,n;a  paccHHTbiBanacb  KoppejumyiOHnaH  pa3MepHOCTB  npn 
pa3JiiiHHBix  3HaHeHHHx  pa3MepHOCTH  (J)a30Boro  npocTpaHCTBa  to.  ^jih  pacneTa  KoppejiHHjiOHHOH  pa3MepHOCTH 
iicnojiB30BajiCH  mcto^i,,  npe^jiOHceHHBiii  Grassberger  P.  h  Procaccia  I.  (1983). 

KojiiinecTBO  OTcneTOB  N  npn  pa3JiHHHOi"i  nacTOTe  ,n,HCKpeTH3aij,HH  cocTaBjuuio  ot,  npi-mepHO,  1200  npn 
dt  =  250  ms  ,ii,o  3000  npn  dt  =  100  ms.  IIpi-i  stom  b  cpe^HeM  3HaHemiH  Koppejum,HOHHOH  pa3MepHOCTi-i  ,h,octo- 

BepHO  He  OTJIHHajIHCB. 

Ta6jiHn,a  1.  Cpednue  3nauenw  KoppeAHU,uonnou  pa3Mepnocmu  npu  pa3AunnoM  maze  dt  e  zpynne  cmydenmoe 


Illar  KB  aH¬ 
TOB  cLHHH 

(ft=100ms 
n  =  26 

dt.=  125  ms 
n  =  26 

dt =200  ms 
?r=26 

df=250  ms 
n=26 

d2 

5,069±0,160 

4,959±0,169 

5,041±0,222 

5,062±0,224 

BTopaa  BBibopKa  6buia  ccjjopMiipoBaHa  H3  uiKOJibHiiKOB  Mjia^miix  KjiaccoB  b  B03pacTe  12-13  JieT.  Bcero 
27  nejiOBeK.  IIpoBefleHbi  aHajioniHHbie  BbiHHCJiemiH,  ^aHHBie  npe^CTaBjieHBi  b  Ta6jiiiH,e  2.  Ohii  no,n,TBepjKlii,aiOT 
pe3yjiBTaTBi  npe^,Bi^i,ym,ero  iiccjie^OBaHHH. 

Ta6jmn,a  2.  Cpednue  3HaueHUA  Koppejisiyuonnou  pa3Mepnocmu  npu  pa3AuunoM  maze  dt  e  zpynne  mKOAbHUKoe 


Illar  kb  aH¬ 
TOB  aHHH 

(ft=100ms 
n  =  27 

dt.=  125  ms 

n  =  27 

dt =200  ms 

n= 27 

cif=250  ms 
n= 27 

d2 

5,757  ±0,151 

5,814  ±0,158 

5,851  ±0,184 

5,745  ±0,144 

TaKHM  o6pa30M,  mar  kb  aHTOB  aHi-in  h  KojiiinecTBO  othctob  b  npe^,jio>KeHHBix  npe^ejiax  He  OKa3ajiH  cy- 
ipecTBeHHoro  bjihhhiih  Ha  pe3yjiBTaTBi  bbihiicjichiih  I?2.  ripn  stom  KojiiinecTBO  otchctob,  nojiyneHHBix  npn 
dt  =  100  ms,  eooTBeTCTByeT  peKOMeH^apiiHM,  H3Jio»ceHHBiM  b  paboTe  Ruelle  D.  (1990).  IIpe^jiaraeMaH  mcto^h- 
Ka  MO»ceT  6bitb  peKOMeH^,OBaHa  ^jih  pacneTa  Koppejum,HOHHoii  pa3MepHOCTH  npn  5  MimyTHBix  peniCTpapiiax 
KapflHOHHTepBajiorpaMMBi. 


Method  of  Electrocardiogram  Correlation  Dimension  Calculation 
During  Short-Time  Recordings 

Kulmagambetov  I.R.,  Koichubekov  B.K.,  Ricklefs  V.P. 

Karaganda  State  Medical  Academy,  Kazakhstan 

In  order  to  calculate  the  correlation  dimension  of  heart  rhythm,  we  suggest  the  sampling  of  the  function  using 
the  cubic  spline  interpolation  of  the  original  dynamic  series  of  beat-to-beat  intervals.  For  five  minutes  of  ECG 
registration  there  will  be  approximately  3000  measurements  if  sampling  rate  of  100  ms  is  used. 


MATEMATHHECKOE  MOffEJIHPOBAHHE 
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HCCJIEAOBAHHE  HEJIHHEHHOH  flHHAMHKH  KAP/^HOPHTMA  B 
XO^E  CEAHCOB  EHOynPABJIEHHH  C  OEPATHOH  CBH3bIO 

KyjiMaraM6eTOB  H.P.,  KonnySeKon  B.K.,  PnKJiecJjc  B.II. 

KapaganduHCKcitt  eocydapcmeennaH  MeduyuncKan  anadeMUH,  Ka3axcman 

B  HacTOHin,ee  BpeMH  aKTHBHO  paaBimaiOTCH  npiiKjiapHBie  acneKTBi  Teoprai  peTepMHHiipoBaHHoro  xaoca,  b  tom 
Hiicjie  h  npiiMeHiiTejiBHO  k  6nojioriiTiecKiiM  ci-iCTGMaM.  IfejiBio  Hamero  uccjiepoBaHHH  hbhjiocb  ioyHeiuie  bjih- 
HHiia  6noynpaBjieHiia  c  o6paTHOi“i  CBa3Bio  no  napaMeTpaM  ceppeuHoro  piiTMa  (CP)  Ha  cocToam-ie  cncTeMBi 
BereTaTi-iBHon  peryjiapiin  KappuopiiTMa  c  i-icnojiB30BaHi-ieM  MeTopa  HejiHHeHHO-piiHaMHHecKoro  aHajni3a. 

Bcero  npoBepeHO  26  ceaHCOB  6noynpaBjieHiia  c  o6paTHon  CBa3Bio  (BOC),  KancpBiti  H3  kotopbix  cocToaji  H3 
3  nopxopoB.  3apaueH  iicnniTyeMBix  6bijio  HopMajiii3an,iia  pByx  noKasaTejieii  —  impeKca  nanpaacemia  h  npo- 
peHTHoro  copepncamiH  pBixaTejiBHBix  bojih  KOJie6aHiiii  ceppeuHoro  piiTMa  (BaeBCKiin  P.M.,  2001).  IfeynajniCB 
cneKTpajiBHBie  xapaKTepiiCTiiKH  CP  ii  HejiiiHeiiHaa  pi-maMi-iKa  ceppeuHoro  pi-iTMa  Ha  ocHOBe  H3yneHHa  xoppe- 
JiapiIOHIIOH  paSMGpHOCTI-I  Z?2. 

Y»ce  Ha  nepBOM  3Tane  ceaHca  BOC-Tpem-mra  KoppejiapiiOHHaa  pa3MepHOCTB  pocTOBepHO  CHiiacajiacB,  h  na 
Bcex  nocjiepyiomHx  3Tanax  pemiCTpupoBajiHCB  HH3Kiie  no  cpaBHemno  c  cJdohom  3HaneHHa  stoto  noxasaTejia. 
no  OKOH'iaHHH  ceaHCOB  D2  B03BpaipajiCH  k  ncxopHOMy  ypoBHio.  npn  stom  mohj,hoctb  HH3KonacTOTHOH  cocTaB- 
jiaiomeH  cneKTpa  CP  CHaua.ua  pocTOBepHO  yBejniHi-iBajiacB  (Ha  nepBOM  ceaHce)  h  CHiiacajiacB  nocae  ceaHCOB 

BOC. 

Xoth  MexaHH3MBi  6iioynpaBjieHHa  HepocTaTOHHO  eipe  hchbi,  ecTecTBemio  paccMaTpimaTB  ero  kslk  npopecc 
o6yneHHH  h  cjropMiipoBaHHH  hobbix  naBBiKOB  c  ycTaHOBjiemieM  ponojiHHTejiBHBix  KopKOBO-nopKopKOBBix  CBa3eii 
h  ycHjiem-ieM  peHTpajiBHBix  bjihhhiih  Ha  nepH(J>epHHecKHe  sjieMeHTBi.  AHajiH3iipya  nojiyueHHBie  paHHBie  mojkho 
npepnojioaaiTB,  hto  yciuieHiie  mohj,hocth  HH3KO-nacTOTHoro  pnana30Ha  cneKTpa  h  aBjiaeTca  OTpaacem-ieM  stiix 
bjihhhhh.  C  opHoii  ctopohbi  sto  npiiBopiiT  k  yBejiiineHiiio  pi-icnepcin-i  BapnapiioriHoro  papa  KappiiOHHTepBajiOB, 
priTM  CTaHOBHTca  MeHee  CTabujiBHBiM  h  HHpeKC  HanpaaceHiia  cmiacaeTca,  c  ppyroii  ctopohbi  —  pe3yjiBTaTOM 
peHTpajiBHBix  bjiiihhhh  aBjiaeTca  6ojiee  peryjiapHBiii  KappuopiiTM,  hto  h  npiiBopiiT  k  chh>k6hhk)  pa3MepHOCTH 
cjjasoBoro  npocTpaHCTBa,  kotopom  MoaceT  6bitb  omicaHa  pi-maMi-iKa  CP. 

nPH  ncxopHO  bbicokhx  3HaneHHax  KoppejiapiiOHiiOH  pasMepHOCTH  6HoynpajieHiie  npoxopnao  c  6ojiBmei"i  3(J>- 
cjjeKTHBHOCTBK),  impeKC  HanpHHceHHH  mohotohho  CHiiacajica  ot  ceaHca  k  ceaHcy.  npn  6ojiee  hii3khx  3HaneHHax 
D2  po  ceaHCOB  BOC  pi-maMi-iKa  peryjmpyeMoro  napaMeTpa  Hociuia  KOJie6aTejiBHBiii  xapaKTep,  b  npopecce  6ho- 
ynpaBjiemia  HHpeKC  HanpaaceHiia  no  P.M.  BaeBCKOMy  to  noBBimanca,  to  noHiiacajica.  Ho  b  tom  h  b  ppyroM 
cjiyuae  nojioaaiTejiBHBiii  pe3yjiBTaT  6biji  pocTiirHyT. 

AHajiii3  nojiyneHHBix  paHHBix  CBiipeTejiBCTByeT,  hto  6ojiee  «xaoTHHHBie»  cncTeMBi  (c  6ojiBmeii  Koppejia- 
pnoHHoii  pa3MepHOCTBio)  jierne  ynpaBjiaiOTca,  no-Bi-ipi-iMOMy,  b  cnjiy  CBeii  njiacTHUHOCTii.  Ecjih  ynpaBjieiine 
3aTpypHeHO,  ciiereMa  nepexopiiT  b  KOJie6aTejiBHBiii  peaaiM  b  noiiCKax  Hai-i6ojiee  onTHMajiBHoro  coctohhiih.  Ho  b 
tom  h  b  ppyroM  cjiynae  KoppeKipia  ocymecTBjiaeTca  nepe3  nopapoK,  nepe3  yMeHBHieHi-ie  cjioxchocth  pHHaMHKH 
h  SHTporaiii.  KoHenHO,  3to  yMeHBHieHiie  Toace  HMeeT  cboii  npepea,  h  KaK  noKa3BiB aiOT  pe3yjiBTaTBi  npoBepeHHBix 
ceaHCOB,  o6a  napaMeTpa  ycTaHaBjn-iBaiOTca  Ha  KaKOM-TO  ponycTHMOM  ypoBHe. 


Analysis  of  Heart  Rate  Non-Linear  Dynamics  During  Biofeedback  Sessions 

Kulmagambetov  I.R.,  Koichubekov  B.K.,  Ricklefs  V.P. 

Karaganda  State  Medical  Academy,  Kazakhstan 


We  studied  the  correlation  dimension  of  heart  rhythm  attractor  during  biofeedback  sessions  aimed  to  normalize 
the  parameters  of  vegetative  balance.  We  revealed  that  the  correction  of  functional  state  of  the  heart  rhythm 
regulatory  system  is  done  through  "the  order" ,  i.e.  through  the  decrease  of  heart  rate  dynamics  complexity. 
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HEJIHHEKHblE  3®OEKTbI  B  MAKP03K0H0MHHECKHX 
MOflEJiax  AOJirocpoHHoro  nporH03HPOBAHH5i 

Jle6e,zi,eB  B.B.,  Jle6e,n,eB  K.B. 

rocydapcmeewHuu  ynueepcumem  ynpaenenun,  Mocnea,  Poccuh 

B  ,n,OK.jia^,e  paccMaTpimaiOTCH  ^Be  MO^iicjjiiKapiiH  KaHOHHnecKoii  MO^ejin  Cojioy.  HanoMHiiM,  hto  b  o,n,HOceKTop- 
hoi“i  MaKpoa ko ho m h > i ec ko h  MO,n,ejiH  Cojioy  iicnojiB3yeTCJi  KOHpenpiia  n-i6Koro  njiaHa  (noTpe6jieHiie  nponoppuo- 
HajiBHO  BBI1,  iiopMa  hhb6Cthii,hh  nocTOsniHa) ,  npoii3Bo;i,CTBeHHaH  (JjyHKpiiH  jinHeiiHO-o;i,Hopo;i,Haji  (rana  cjayHK- 
Hhh  Ko66a-,ZI,yrJiaca) .  Bcjie^CTBiie  stoto  flHHaMHKa  HapnoHajibHoii  skohomiikh,  corjiacHO  MO^ejni,  MOHOTOHHa, 
h  co  BpeMeHeM  MaKposKOHOMHHecKan  cucTeMa  npnxo,a,HT  b  ycTOiiHiiBoe  CTanyiOHapHoe  cocTOHHiie,  KOTopoe  hb- 
jiaeTCH  e,a,i'iHCTBeHHbiM  npii  3a^aHHOi"i  nopMe  hhbccthh,hh  ii  ne  3aBHCHT  ot  naHajiBHbix  ycjiOBiiii.  ITpii  stom 
cyipecTByeT  c^ithctbchhoc  3HaHemie  HopMbi  iiHBecTiin,iii"i,  npii  kotopom  ^ocTiiraeTCH  MaKcriMyM  CTapnoHapHoro 
(nepcneKTHBHoro,  npe;i,ejibHoro,  long  run)  cpe^He^ymeBoro  noTpe6jiemiH  (sto  3HaueHiie  HopMbi  hhbccthii,hh 
paBHO  K03(J)cjnin,iieHTy  sjiacTHHHOCTii  npoH3Bo;i,CTBeHHOH  cjryHKpiiii) . 

ITepBaa  MO^i-K^wiKapiiH  OTjniuaeTca  ot  MO^ejiH-opiinraajia  tcm,  hto  b  Heii  ncnojiB3yeTC5i  KOHpenpiia  cncecmKO- 
zo  n.aana  (3^ecb  sto  03HanaeT,  hto  cpe;i,He;iymeBoe  noTpe6jiemie  hoctohhho;  nosTOMy  3HaueHiie  cpe,n,He,iiymeBoro 
noTpe6jiemiH  HBjineTCH  napaMeTpoM  MO^ejni) .  Hto  KacaeTca  HopMbi  hhbccthii,hh,  to  OHa  npii  cbocm  HSMCHeHUH, 
corjiacHO  npiiHHTbiM  ,gonymeHiiHM,  He  mojkct  onycKaTbca  Hiixe  HexoToporo  3a,gaHHoro  cjniKCiipoBaHHoro  3Ha- 
ueHHH.  OcTajibHbie  .gonymeHiui  MO^ejiH-opiiriiHajia  ocTaBjieHbi  6e3  H3MeHeHim.  IloKa3aHO,  hto  e,a,riHCTBeHHoe 
CTapiiOHapHoe  pemem-ie,  KOTopoe  iiMeeT  MecTO  b  stoii  MO,n,ejiH  npii  MaxciiMajibHO  bo3mo>khom  3HaneHnn  cpe^He- 
.gymeBoro  noTpe6jieHHH,  oxasbiBaeTCH  HeycTOiiHiiBbiM,  hto  MOuceT  npnBecTH  k  pe3KOMy  iuyteHino  npoH3BO,n,CTBa 
npii  cjiynaiiHOM  He3HaHi-iTejibHOM  yBejiHneHHH  noTpe6jieHiisi  (KaTacTpocfm) .  Cjie,n,CTBneM  stoto  CBoiicTBa  no- 
CTpoeHHoii  MO,a,ejiH  nBjuieTCH  oifiifieKm  zucmepe3uca:  CTapnoHapHoe  3HaHeHiie  HopMbi  imBecTimnii  3aBHCHT  He 
tojibko  ot  3HaHeHHH  cpe,n,He;iymeBoro  noTpe6jieHiisi,  ho  h  ot  rianpaBjieHiisi  H3MeHeHHH  stoto  napaMeTpa.  TaxiiM 
o6pa30M,  Hcnojib30BaHiie  b  MO,n,e.jiH  Cojioy  ,gonym,eHHH  o  nocTOHHCTBe  HopMbi  HHBecTHn,Hit  (KOHpenpiiH  rubKoro 
njiaHa)  HBjiaeTCH  npiiHpiimiajibHbiM  ,h,jih  o6ecneHeHHH  ycTOHHHBOCTH  CTapiiOHapHbix  pemeHiiii. 

BTopaa  MO/tHcJjHKanHH  MO,n,ejiH  Cojioy  OTjninaeTCJi  ot  mo; ;ej i u-op n i ' h  hej i a  TeM,  hto  b  Heii  iicnojiB3yeTCJi  npo- 
H3BO,a,CTBeHHaH  3aBHCI-IMOCTb  npOI'I3BO,H,HTejIbHOCTH  Tpyga  OT  (J)OH,II,OBOOpy>KeHHOCTH  C  H 3  M e H H  K) I HH M C H  IianpaB- 
jieHiieM  BbinyKjiocTH.  B  stoii  m o;  picf  h  ke  h  h  h  ii3-3a  cymecTBeHHoii  h e j t h h e ii h oc rr h  npoH3BO,a,CTBeHHOH  3aBHCHMO- 
cth  bo3mo>kho  noHBjieHiie  necKOJibKiix  ycToiiHHBbix  CTapiiOHapHbix  coctohhhh;  nosTOMy  pe3yjibTaT  3bojik>h,iih 
m  a  k  p  o  3  ko  h  o  m  h  h  e  c  ko  ii  cucTeMbi  3aBiiCHT  ot  ee  iianajibHoro  coctohhiih.  Cjie,n,CTBHeM  stoto  CBoiicTBa  nocTpo- 
enHoii  MO,n,ejiH  HBjiaeTCH  9$$eKm  zucmepe3uca  (3^,ecb  sto  03HanaeT  3aBHCHMOCTb  nepcneKTHBHoro  3HaHeHHH 
cpe,n,HeflymeBoro  noTpe6jieHHH  He  tojibko  ot  3HaHeHiiH  HopMbi  HHBecTHH,iiii,  ho  h  ot  HanpaBjieHHH  H3MeHeHiiH 
3toto  napaMeTpa).  IlTaK,  npii  onpe^,ejieHHbix  3HaHeHHHx  napaMeTpoB  MaKposKOHOMHHecKaji  cucTeMa  ^,onyc- 
KaeT  nepexo^,  H3  BbicoKonpo^,yKTiiBHoro  coctohhiih  b  HH3Konpo^,yKTHBHoe,  HecMOTpa  Ha  BbinojiHemie  ycjiOBHH 
nponoppiiOHajibHOCTii  noTpe6jieHHH  h  BBIT. 

PaccMOTpeHHbie  MO^ejin  cjiyxaT  HarjiH^Hoii  njunocTpapiieii  He  tojibko  toto,  hto  ynpaBjiem-ie  skohomhkoii 
^,oji>kho  oniipaTbCH  Ha  rai6Koe  njiaHiipoBaHiie,  nocKOJiBKy  ucecTKoe  njiaHiipoBaHi-ie  MoaceT  npnBecTH  k  xaTacTpo- 
cjse.  Bojiee  toto,  113  aHajni3a  stiix  MO^,ejieii  cjie^yeT,  hto  npn  MO^,ejinpoBaHHii  Maxpos kohom h nee Koii  flraaMHKH 
ycjiOBiie  nponoppuoHajiBHOCTH  noTpe6jieHH5i  h  BBII  b  o6ru,eM  cjiynae  He  HBjuieTCJi  ^gocTaTOHHBiM  npu  cjsopMa- 
jiH3aH,HH  KOHpenpHii  «ni6Koro  njiaHiipoBaHiiH »  h  «ynpaBjieHiui  c  o6paTHOi“i  cbh3bio». 


Nonlinear  Effects  in  the  Long-Run  Forecasting  Models  of  Macroeconomics 

Lebedev  V.V.,  Lebedev  K.V. 

State  University  of  Management,  Moscow,  Russia 

Two  modifications  of  the  Solow  model  are  discussed.  In  the  first  modification,  consumption  per  capita  is 
considered  to  be  constant;  in  the  second  modification,  the  concave-convex  production  function  is  used.  The 
effect  of  gisteresis  takes  please  in  both  models. 
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METOA  OYHKIJHH  Jl^nYHOBA  IIPH  HCCJIE^OBAHHH 
flHHAMHKH  BHEPOYAAPHblX  CHCTEM 

Jllo6HMLI,eB  51. K.,  MeTpHKHH  B.C. 

HucnceeopodcKuu  eocydapcmeennuu  ynueepcumem  um.  H.H.  JIoUaueecKozo,  Poccuh, 
HHH  npuKJiadnou  MameMamuKU  u  KuUepuemuKU  npu  HuotcegopodcnoM 
eocydapcmeennoM  yuueepcumeme  um.  H.H.  JIoSaueecKozo,  Poccua 

C  no3Hn,HH  Teopiiii  KOJie6aHiiii  cucTeMBi  c  yn,apHBiMH  B3aiiMO,ii,eiicTBiiHMii,  KaK  H3BecTHO  [1],  npe^CTaBjunoT  co- 
6oi"i  chjibho  nejiiiHeiiHBie  cucTeMBi,  uccjie^OBaHiie  flraaMHKH  kotopbix  34xJ>eKTHBHO  npoBO,a,HTCH  c  noMom,Bio 
annapaTa  MeTO,a,a  tohghhbix  OTo6pa»ceHiiii.  C  ero  noMom,Bio  npoBe,a,eHO  .geTajiBHoe  uccjie^OBaHiie  ^HHaMHKii 
6ojiBmoro  nucna  cucTeM  c  ygapHBiMii  B3aHMO,n,eHCTBHHMH  [2].  ripi-i  stom  uccjie^OBaHiie  CTpyKTypBi  pacimipeH- 
Horo  (J)a30Boro  npocTpaHCTBa,  BKjnouaiomee  b  ce6a,  b  uacTHOCTii,  BonpocBi  o  pa3Mepax  o6jiacTei"i  npi-iTHxteHira 
nepiio,a,i'iHecKiix,  a  TaKuce  n  CTOxacTHuecKiix  peuaiMOB  ^BiixeHiiH,  ocTaBajniCB  jiii6o  otkpbitbimi-i,  jiii6o  uacTHUHO 
pemajiiiCB  c  noMom,Bio  h,h(J>pobbix  hjih  aHajioroBBix  BBiHHCJiiiTejiBHBix  Mamim  [3 — 5] . 

B  pa6oTe  npe^,jiaraeTCH  HiicjieHHO  -  aHajii-iTiraecKaa  MeTO^iiKa  iiccjie,a,OBaHiiH  ^HHaMHKH  cucTeM  c  yn,apHBi- 
mh  B3ariMO,n,eHCTBriHMri  c  npi-iMeHemieM  rmeii  MeTO^a  (JjyHKpiiii  JlanyHOBa  b  ero  MO,n,Hcj)HKai],HH  rjih  TOueuHBix 
OTo6pa»ceHiiii . 

Pa3pa6oTaHHBii“i  no,gxo,n,  iijunocTpiipyeTCH  Ha  npiiMepe  cucTeMBi 

X  =  y,  y  =  g(t),  x>0W{x  =  0Ay>0) 
y+  =  -Ry-,  x  =  0  A  y  <  0 

rpfi  x  —  6e3pa3MepHaa  KOop,n,HHaTa,  y+ ,  y _  —  Henocpe^CTBemro  nocneygapHaH  h  ,n,oyii,apHaH  ckopocth,  0  <  R  < 
1  —  KOScjjcjDimiieHT  BOCCTaHOBjieHiiH  ckopocth  npu  ygape.  YKa3aHBi  cnoco6  nocTpoemiH  (J>yHKH,HH  JlanyHOBa, 
c  noMompio  kotopbix  npoBe^eHO  iiccjie,zi,OBaHHe  BonpocoB  cymecTBOBamiH  h  ycTOHUHBOCTH  pa3JiiiHHBix  perne- 
hhh  cucTeMBi  (1),  a  TaK»ce  bo3mo>khocth  MeTO,n,a  <J)yHKH,HH  .HanyHOBa  npu  nccjieflOBaHHH  noBe,n,eHiiH  pememiH 
Ha  rpaHiipax  o6jiacTeii  ycToriuiiBOCTH.  Tax  rjih  paccMaTpi-iBaeMOii  cucTeMBi  (1),  b  uacTHOCTii  ,n,OKa3aHO,  hto 
rpaHiipa  7V_  [2]  HBjiaeTCH  onacHoii  [6]. 

ripHBe^eHHBiH  ram  (j)yHKHHH  .HanyHOBa  ,a,aiOT  bo3mo>khoctb  yKa3aTB  Haii6ojiBmHH  pasMep  o6jiacTei“i  npiiTH- 
>k6hhh,  a  TaK»ce  onpe,a,ejiHTB  b  (J>a30BOM  npocTpaHCTBe  o6jiacTH  OTTajiKiiBamiH. 

JlHTepaTypa 

[1]  BecnajiOBa  JI.B.,  HeaMapK  IO.H.,  OeiirnH  M.H.  /faHaMHaecKHe  cacTeMbi  c  ya,apHbiMa  B3aaM0,a;eHCTBHSMH  h  Teopaa 
HejniHeHHBix  KOjie6aHnii  //  MtDKeHepHBiH  jKypHaji.  MexaHHKa  TBep,a,oro  Tejia.  1966.  -  N  1.  -  C.  151  -159. 

[2]  OefiriiH  M.H.  BbiHyameHHbie  KOJie6aHaa  chctcm  c  pa3pBiBHBiMH  HejiHHeiiHOCTaMii.  -  M.:  HayKa,  1994.  -  285  c. 

[3]  Bbixobckhh  H.H.,  ,ZI,opoxoBa  A./f.,  3apen,KHa  JI.B.,  JlyKOMCKiiii  C.H.  O  HeKOTopbix  nepHOflaaecKax  flBaaceHaax  a 
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[4]  MapTbiHiOK  A. A.,  Bep6an,Kaa  B.T.  OpeHKa  o6jiacTH  npaTaaceHaa  fljia  HeaaHeaHbix  cacTeM  oapeflejieHHoro  Ba^a.  — 
npaKjiaflHaa  MexaHHKa.  1982,  t.  18,  N  10,  c.  102-107. 

[5]  ParyjibCKeHe  B.JI.,  Cayaac  H.IO.  HccjieflOBaHae  flByMepHoii  Ba6poyn,apHoa  cacTeMbi  c  noMom;bio  ABM.  -  Ba6poTex- 
HHKa.  T.l(8).  KayHac.  1975,  c.  183-189. 

[6]  BayTHH  H.H.  noBefleHae  flaHaMaaecKax  cacTeM  b6jih3h  rpaHaa,  o6jiacTa  ycTOilaaBOCTa.  JI.  -  M.  PocTexa3flaT,  1949. 
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Lyapunov  Function  Method  for  Vibro-Impact  Systems  Dynamics  Study 

Lyubimtsev  Ya.K.,  Metrikin  V.S. 

SSI  "Research  Institute  for  Applied  Mathematics  and  Cybernetics  of  Nizhegorodsky  State  University" , 

Nizhny  Novgorod,  Russia 

In  this  work  countable  -  analytic  method  of  the  system  with  impact  interactions  dynamics  study,  using  Lyapunov 
functions  method  in  its  modification  for  point  mappings,  is  offered. 
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AHAJTH3  AETEPMnHKPOBAHHblX  H  CTOXACTHHECKHX  CHCTEM 
C  OTKJlOHHIOmHMCa  APrYMEHTOM 

MajiaHHH  B.B.,  IIojiockob  H.E. 

IJepMCKUu  socydapcmeemiuu  ynueepcumem,  Poccuh 

Bojibihoii  i-iHTepec  KaK  c  TeopeTimecxoft,  TaK  h  c  iipaxTH'iecxoft  to'ikh  3pemiH  BBi3BiBaiOT  .gucjrcjDepeHiiyia.jiB- 
HBie  ypaBHemia  c  otxjiohhioiii,hmcji  apryMeHTOM  (AY  c  OA).  Taxue  ypaBHemra  nouBjimoTCJi  TaM,  iyi,e  CBoiicTBa 
o6T>exTa  onpe^ejiaiOTca  acjrcjDexTOM  nocjie^eiiCTBiia,  h  cjiyixaT  MaTeMaTHuecxHMH  MO^ejuiMH  pa3jiiiHHBix  HBjie- 
hhh:  npou,e,nyp  aBTOMaTiraecxoro  perymipoBamiH  h  ynpaBjiemiH  rrex h h Tiec k h m h  CHCTeMaMH,  xHMHuecxHMH  ii 
flpyrHMH  TexHOJiorHnecKHMH  npopeccaMii  h  T.fl. 

Kax  npaBiijio,  TOHHBie  aHajniTimecxHe  pememiH  AY  c  OA  MoryT  6bitb  HaimeHBi  oueHB  pe,n,xo.  HucjieHHoe 
>xe  HHTerpiipoBaHiie  Taxux  ypaBHeHHft  c  aBTOMaTimecxiiM  bbi6opom  mara  Tpe6yeT  pa3pa6oTxn  cnepnajiBHBix 
BapriaHTOB  mcto^ob  PyHre-KyTTa  .zpiH  o6bihhbix  h  jxecTxnx  ciictcm  ypaBHeHHft,  uacTO  BecBMa  H30iiipeHHBix. 
O/ipaxo  npiiMeHeHiie  HecjioixHBix  npneMOB  no3BOJiaeT  iicnojiB30BaTB  BCTpoeHHBie  cpe,n,CTBa  micjieHHoro  iiHTe- 
rpupoBaHHH  OAY  Taxnx  CHCTeM  aHajiHTHuecxHx  BBimicjiemift  (CAB)  HHTepaxTiiBHO-nporpaMMHoro  Tima,  xax 
Mathematica  h  Maple,  pflu  pememisi  yxa3aHHBix  BBime  3a,n,aH. 

IIpe,ii,CTaBjiHiOTCH  npope^ypBi  micjiemio-aHajiHTHHecxoro  aHajni3a  ^eTepMHHiipoBaHHBix  AY  c  OA,  a  HMeH- 
ho:  ypaBHeHHft  c  hoctohhhbimii  o^hhohhbimh  h  xpaTHBiMii  3ana3,n,BiBaHHJiMii,  c  nepeMeHHBiMii  3ana3,n,BiBaHiiJiMH, 
a  Taxace  ypaBHeHHft  HeftTpajiBHoro  Tima  c  hoctohhhbim  jiaroM.  B  xauecTBe  ochobbi  npope^yp  ncnojiB30BajiacB 
imen  paciuiipemiH  (J>a30Boro  npocTpaHCTBa,  xoTopan  6Buia  peajiii30BaHa  c  noMom,Bio  HecxojiBxnx  npope^yp,  Ha- 
nncaHHBix  na  bxo^hom  H3Bixe  naxeTa  Mathematica.  B  xauecTBe  npi-iMepc®  paccMOTpeH  aHajni3  nepexo^HBix  pe- 
jxhmob  b  CHCTeMax,  onriCBiBaeMBix  pa3jniHHBiMii  MO^eaBHBiMH  y paBHeHHaMH ,  ypaBHeHHaMH  JIoTxn-BojiBTeppa, 
BaH  ^ep  nojia-AKwJ)<J)HHra,  ^eMncjuipoBaHHoro  BiibpaTopa,  aBTOxojie6aHiift  (HeftTpajiBHoro  Tima)  b  ^jihhhoii 
jihhhh,  naHTorpacjia,  MiiHopcxoro  h  ^,p. 

3HaHHTeaBHBift  iiHTepec  b  nocae^Hee  BpeMa  npiiBjiexaiOT  h  CTOxacTimecxiie  cjDyHxqiiOHajiBHO-fliKjxjrepeH- 
pnaaBHBie  ypaBHemia  pa3HBix  TimoB  (b  uacTHOCTii,  ypaBHemia  c  nocToaHHBiMi-i  h  nepeMeHHBiMii  3ana3^BiBaHH- 
aMii).  Ho  iiccae^OBaHiie  Taxux  CHCTeM  BBi3BiBaeT  3HaHiiTeaBHBie  Tpyn,HOCTii. 

B  pa^e  Hamiix  pa6oT  6biaa  pa3pa6oTaHa  MeTO^nxa  HCcae^OBaHiia  CTOxacTHuecxHx  ^iKjxjDepeHpuaaBHO- 
pa3HOCTHBix  CHCTeM  c  nocToaHHBiM  3ana3^,BiBaHiieM,  ocHOBaHHaa  Ha  pacmnpeHHH  (J>a30Boro  npocTpaHCTBa.  B 
^aaBHeftmiix  paboTax  ^aHHaa  MeTO^nxa  6biaa  npi-iMeHeHa  .zyia  pememra  pa^a  3a^aH,  b  tom  uncjie  fljia  aHaaii3a 
aimeftHBix  h  iieaiiHeftHBix  ^HHaMHHecxHx  CHCTeM  co  cayaaftHBiM  bxo^om  h  xpaTHBiMii  nocToaHHBiMi-i  3ana3^BiBa- 
HHaMH,  aHHeftHBix  iiapaMe  rpH'iecxHx  CTOxacTimecxiix  ^,H<J>4)epeHii,Ha.JiBHO-pa3HOCTHBix  ypaBHeHHft  c  xpaTHBiMii 
nocToaHHBiMi-i  3ana3^BiBaHHaMH. 

B  ^.oxaa^e  paccMaTpiiBaeTca  sa^aua  oqeHxii  nepBBix  momchtob  jiimeimoft  CTOxacTimecxoft  ^3 h h a m h ' i ec xo ft 
CHCTeMBi  c  e^HHCTBeHHBiM  nepeMeHHBiM  3ana3^,BiBaHiieM.  Ha  ocHOBe  npope^ypni  pacmiipemiH  (J>a30Boro  npo¬ 
cTpaHCTBa  h  annpoxciiMapmi  3ana3flBiBaHHa  xycoaHO-nocToanHoft  (JjyHxpiieft  CTpoiiTca  penouxa  CTOxacTime- 
cxhx  ^HcjDcjDepeHpHaaBHBix  ypaBHeHHft  6e3  3ana3flBiBaHiia,  a  3aTeM  h  ypaBHemia  fljia  hcxombix  momchtob.  B 
xanecTBe  npiiMepa  uccae^yeTca  ^Binxemie  TpaHcnopTHoro  cpe^CTBa  c  nepeMeHHoft  cxopocTBio  no  nepoBHoft 
.gopore,  MiixponpocjDHaB  xoTopoft  npe^CTaBaaeTca  caynaftHBiM  npopeccoM  Tima  «u,BeTHoro»  myMa,  c  yneTOM 
HaaHHH a  paccToamia  Me>x/iy  ocaMii  nepe^Hiix  h  3a^,Hiix  xoaec. 

Pa6oTa  BBinoaHeHa  npn  cjjimaHCOBoft  noAfl,ep>xxe  Pocciiftcxoro  cjjOH^a  (JjyH^aMeHTaaBHBix  iiccae^OBaHiift 
(npoexTBi  Y2  07-01-96023  h  07-01-97611)  h  Pocciiftcxoro  ryMaHiiTapHoro  HaynHoro  (JiOH^a  (npoexT  Y2  06-02- 
00162a). 

Analysis  of  Deterministic  and  Stochastic  Systems  with  a  Divergent  Argument 

Malanin  V.V.,  Poloskov  I.E. 

Perm  State  University,  Russia 

Schemes  of  numeric  and  analytic  analysis  of  deterministic  equations  with  a  divergent  argument  are  considered. 
Among  them  there  are  equations  with  constant  and  multiple  delays,  with  a  variable  delay,  and  equations 
of  neutral  type  with  a  constant  lag.  Transitional  regimes  in  systems  described  by  different  model  equations, 
equations  of  Lottki-Volterra,  Van  der  Pol-Duffing,  auto-oscillation  in  a  long  current  line,  pantograph,  Minorsky 
and  others  are  presented  as  examples. 

A  theoretical  apparatus  for  an  analysis  of  linear  stochastic  differential  systems  with  a  single  variable  delay 
is  developed  on  the  base  of  the  scheme  of  a  phase  space  expansion.  A  modeling  of  vehicle  movement  along  a 
rough  road  described  by  a  linear  system  with  taking  into  account  of  a  variable  speed,  a  randomness  of  a  road 
microprofile  and  a  presence  of  delay  was  executed. 
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nOBbllHEHHE  3<E><PEKTHBHOCTH  MATEMATHHECKOrO 
MOAEJinPOBAHHH  C  nOMOmblO  IIAPAJlJIEJlbHblX  BbIHHCJIEHHH 
npn  ncnojib30BAHnn  PAcnPE^EJiEHHbix  pecypcob 

B  GRID  CHCTEMAX 

MeMHOHOB  B.n. 

CaHKm-nemepSypzcKuu  socydapcmeenHuu  ynueepcumem,  Poccusi 

B  HayKe  h  TexHiiKe  iiMeeTCH  6ojibiuoe  hiicjio  3a,a,aH,  Tpe6yK>m,iix  ;yia  CBoero  uncjieHHoro  MO^ejiiipoBaHiia  3Ha- 
HiiTejiBHbix  BbiHiicjiHTejiBHbix  pecypcoB.  C  pa3BHTiieM  Me>K,a,yHapo,ii,Hbix  ciiCTeM  Grid,  npe,n,ocTaBjiJHOiii,Hx  uepe3 
IlHTepHeT  pacnpe^ejieHHbie  KjiacTepHbie  pecypcbi,  3tii  3aflauH  Tenepb  MoryT  pemaTbca.  Ho  npn  stom  B03Hi-iKaiOT 
h  cnenHcJin'iecKHe  npo6jieMbi.  B  uacTHOCTii,  iiH^opMapiia  o  napaMeTpax  npopeccopoB  pjm  napajijiejibHbix  Grid 
KjiacTepoB  coo6ru,aeTCH  b  onncaHHH  pecypca  rpi-m-MOHiiTopa,  o,n,HaKO  3Toro  mojkbt  OKa3aTbca  He^ocTaTOHHbiM 
Ptim  no,a,roTOBKii  3aflauH  k  onTiiManbHOMy  3anycKy  Ha  cueT.  npoii3Bo;i,HTejibHOCTH  OT^ejibHbix  npopeccopoB  b  na- 
pajuiejibHbix  KjiacTepax,  kslk  npaBi-uio,  pasjinuaiOTCJi  Me»c;i,y  co6oi“i  h  HexoTopbie  H3  hiix  MoryT  6bitb  b  fleftcTBH- 
TejibHOCTii  3aMeTHO  MeHbrne  cboiix  HOMHHajibHbix  3 h aT i e h  h  h  .  9ti-i  pa3jiiiHHH  MoryT  TaK»ce  cruibHee  npoHBjiHTbCH 
b  3aBHCHMOCTH  ot  cneH,H<J)HKH  BbinojiHueMoro  nojib30BaTejibCKoro  npHjiosceHHJi.  B  stom  cjiyuae  napaxuiejibHoe 
npiuiOHceHi-ie  b  TOHKax  CHHxpoHH3an,HH  6yn,eT  TepsiTb  mhoto  BpeMemi  Ha  o>KH;piHHe  OTCTaiorpiix  npopeccopoB. 

yMeHbmeHHH  noTepb  ot  npocTOH  npopeccopoB  b  TOHKax  CHHxpoHH3an,HH  napajijiejibHbix  MPI-nporpaMM, 
B03HHKaioiti,Hx  He  tojibko  H3-3a  TaKoii  neH3BecTHoii  ^jih  nojib30BaTejiH  ctuth  T i ec ko h ,  ho  TaKuce  H3-3a  o6pa3y- 
K>ru,eiicH  ;  pi  h aM h t tec k h  reTeporeHHOCTi-i  npopeccopoB  KjiacTepa,  npep,jiaraeTCH  BCTpaimaTb  b  nojib30BaTejibCKiie 
npiijio>KeHHH  cnepnajibHO  pa3pa6oTaHHbie  ajiropiiTMHHecKiie  npope;i,ypbi,  o6ecneuHBaioiipie  6ajiaHCiipoBKy  hx 
Harpy3Kii.  9to  6yn,eT  cnoco6cTBOBaTb  yBejiiiHeHino  scjrcjDeKTHBHOCTH  iicnojib30BaHHH  napajijiejibHbix  BbiuncjiH- 
TejibHbix  pecypcoB  h  oco6ermo  nojie3HO  ;yia  Grid  KjiacTepoB,  Kor,a,a  3aTpyn,HiiTejibHO  nojiyuaTb  .npnojim-iTejibHyio 
HHiJiopMapHio  06  yp,ajieHHbix  BbiHiicjiiiTejibHbix  pecypcax.  B  ^ORjia^e  npiiBO^HTCH  npiiMepbi  npiiMeHeHiiH  pa3pa- 
6oTaHHbix  ajiropiiTMOB  k  sa^auaM,  pemaeMbix  c  noMorpbio  MeTO,a,a  npsiMoro  CTaTiiCTiiHecKoro  mo; te j i itpo huh  h  h  . 


An  Enhancement  of  Mathematical  Simulation  Performance  for 
Parallel  Calculations  in  Distributed  Grid  Clusters 

Memnonov  V.P. 

Saint  Petersburg  State  University,  Russia 

The  new  algorithmic  procedures  are  suggested  for  dynamic  load  balancing  of  computers  in  parallel  clusters  for 
reduction  of  processor  idling  time  in  the  case  of  their  dynamic  or  static,  but  not  known  for  the  user,  performance 
heterogeneity.  They  could  be  used  for  more  efficient  utilization  of  contemporary  computational  resources  and 
especially  for  Grid  computations. 


296 


MATHEMATICAL  MODELING 


MOAEJIHPOBAHHE  0EPA30BATEJIbH0r0  nPOIJECCA 
HA  OCHOBE  nAPAJlJIEJIbHbIX  TEXHOJIOrHH 

MnpOIHHHHeHKO  H.,3]. 

CaHKm-nemep6ypscKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

B  HacToamee  BpeMa  o6pa30BaTejiBHBiii  npopecc,  KaK  b  c<f>epe  BBicinero  o6pa30BaHiia,  TaK  h  b  6ojiee  inupo- 
KOi"i,  o6m,eo6pa30BaTejiBHoii  c(J>epe,  Bee  6ojii>me  Tpe6yeT  iicnojiB30BaHiia  b  MeTO^ax  o6yHeHiia  npiiMeHeHiia  pa- 
CTaHpiiOHHBix  h  napajijiejiBHBix  TexHOJiornii.  B  CTaTBe  npe,a,npiiHHTa  nonniTKa  nocTpoeHiia  h  aHajiii3a  MO^ejin 
o6o6m,eHHoro  yae6Horo  npopecca  c  to'ikh  3pemia  npiiMeHeHiia  MeTOAOB  napajijiejiBHBix  TexHOJioniii. 

ITpo6jieMa  coBepineHCTBOBaHiin  yae6Horo  npopecca  npe^CTaBjiaeT  o^,Hy  H3  Tpyn,HO(f>opMa.JiH3yeMBrx  3a^aH. 
JpsiR  nocTpoemia  Moreau  yKa3aHHoro  npopecca  h  ee  n3y'ieHna  ecTecTBeHen  BBi6op  «MeTO,a,a  aHajioniii»,  npn- 
MeHaeMhiH  npn  MaTeMaTiiaecKOM  mo; te  j  i  npo  BaH  h  h  cjiohchbix  cucTeM,  cocToam,Hx  h3  Tpyn,HO  (f>opMajiH3yeMBrx 
oGteKTOB,  pjisi  KOTopbix  3Ti-i  o6T>eKTBi  h  3aKOHBi  B3aiiMO^i,eiicTBiiH  CTporo  m arre Marr h ' i ec k h  oniicaTB  He  yA,aeTca 
[CaMapcKHfi  A. A.,  MnxaftjiOB  A. II.].  KpoMe  Toro,  aHajiii3  AaHHoii  npo6jieMBi  mo*ho  coBepmeHCTBOBaTb,  ycjioac- 
hhh  CTpyKTypy  Moreau  yae6Horo  npopecca  (ii3MeHna  om-icam-ia  KaK  o6T>eKTOB,  TaK  h  cnoco6oB  B3aiiMO,n,eHCTBHii 
Me>K^y  o6T>eKTaMii) . 

Ecjih  paccMaTptiBaTB  o6pa30BaTejiBHBiii  npopecc  b  npocTeiimeM  cjiyaae  KaK  neKyro  BBiHiicjniTejiBHyio  ch- 
CTeMy  npocTBix  cjDyHKuyiOHajiBHBix  ycTpoiicTB  (r^e  b  KaaecTBe  saeMeHTOB  ciiCTeMBi  BBiCTynaiOT  o6ynaeMBie),  He 
BHHKaa  b  coflepacaTejiBHyro  aacTB  padoTBi,  BBinojiHaeMoii  sjieMeHTaMii  stoii  chctcm™,  h,  ne  ymiTBiBaa  hh^hbh- 
AyajiBHBie  bo3mo>khocth  caMiix  ajieMeHTOB,  corjiacHO  «MeTO^y  aHajioniH»  nojiyaiiM  cnpaBe^jiiiBOCTB  3aKOHOB 
AM^ajia  pnsi  m arre MaT h  '  i  ec  ko  ii  MO^ejiH  oniiCBiBaeMoii  CiiCTeMBi  [BoeBOAim  B.B.,  Bocboaiih  Bji.B.]:  a  hmchho, 

-  npoH3BOfn,HTejiBHOCTB  o6pa30BaTejiBHoro  npopecca  onpe^ejiiiTca  ^ejiOBBiMH  KaaecTBaMii  h  OTBeTCTBeHHO- 
ctbkd  caMoro  Hepa^HBoro  o6yaaeMoro  (nepBBiii  3aKOH  AM/jana); 

-  bboah  noHHTiie  3arpy»ceHHOCTH  o6yHaeMoro,  mohcho  onpe^ejiiiTB  3arpy»ceHHOCTB  rpynnni,  peajiBHyio  npo- 
H3BO,a,HTejiBHOCTB  npopecca  3a  onpeAeJieHHBiii  nepiiOA  BpeMemi  npn  napajijiejiBHBix  bo3mo>khocthx  pa6o- 
tm; 

aHajiorriHHBiM  o6pa30M,  bboah  noHsmia  peajiBHoii  3arpy»ceHHOCTH,  miKOBoii  nporoBOAHTejiBHOCTii,  3<J>- 
(J)eKTHBHOCTH,  mo*ho  onpeAejniTB  MaKcriMajiBHO  B03MO>KHoe  ycKopemie  npopecca  (btopoii  3aKOH  AM^ana) 
h  BepxHioio  rpaHimy  stoto  ycKopemia  (rrpeTHH  3aKOii  AM^ajia)  npn  pacnapajuiejiiiBaHHii  npopecca. 

AHajiii3  peajiBHoii  npoH3BOAHTejiBHOCTii  HeKOTopoii  cxeMBi  pacnapajuiejniBaHiia  o6pa30BaTejiBHoro  npopec- 
ca,  aHajiH3  CTenenn  6jiii30Cth  stoh  peajiBHoii  npoii3BOAHTejiBHOCTii  k  nHKOBOH  nporoBOAHTejiBHOCTii  npopecca 
(kotopbih  noKa3BiBaeT  CTeneHB  corjiacoBaHHOCTH  pa6oTBi  Bcex  sjieMeHTOB  CHCTeMBi:  npeno^aBaTeaeii  h  o6yna- 
eMBix,  npenoflaBaTejieii  Meac^y  co6oii  h  o6ynaeMBix  Meac^y  co6oii),  noMoraeT  bbihbiitb  y3Kiie  MecTa  h  jiOKajn-i- 
30BaTB  npoGjieMy. 

O^hhm  H3  y3Krix  MecT  ^jih  o6pa30BaTejiBHoro  npopecca,  KaK  h  ^jih  jiio6oh  BBiHiicjiHTejiBHOH  chctcm™,  hbjih- 
eTca  nepe^ana  nncjjopMapHH  (c  nepByio  onepe^B,  ckopoctb,  a  TaK»ce  ^ocTOBepHOCTB,  CBoeBpeMeHHOCTB,  Ha^eac- 
hoctb  h  ^.pyriie  xapaKTepiiCTHKii)  ot  HeKOToporo  o6T>eKTa  k  jho6bim  ^pyrHM  o6T>eKTaM  stoh  CHCTeMBi,  yniiTBiBaa 
xapaKTepncTHKH  pa6oTBi  BcnoMoraTejiBHBix  sjieMeHTOB  h  TexHiinecKiix  epe^CTB.  Ckopoctb  BBinojiHemia  3anaa- 
HiipoBaHHOH  pa6oTBi  pe3KO  B03pacTaeT  npn  onTHMaaBHOH  opraHH3 apriri  npopecca  nepe^aan  HHcJjopMapHH  b 
o6pa30BaTejiBHOM  npopecce  ot  o6yHaeMoro/npeno^aBaTejia  k  o6yHaeMOMy/npeno^i,aBaTejno,  t.  e.  c  ncnojiB30- 
Bam-ieM  ^HCTaHpiiOHHBix  h  napaajiejiBHBix  TexHOJioriiii  nepe^aan  ^aHHBix  c  yaeTOM  iiH,a,HBH^i,yajiBHoro  no^xo^a 
k  KOHTpojuo  3HaHHH.  KpoMe  toto,  npiiMeHeHiie  3thx  TexHOJioniii  no3BoaaeT  KaaecTBeHHO  H3MeHHTB  CTpyKTypy 
opraHH3 apiiii  o6pa30BaTejiBHoro  npopecca  (^oaio  jieKpuoHHoro  h  caMOCToaTejiBHoro  BpeMeHii  o6yHeHiia,  BKaio- 
aeHiie  B03M0HCH0CTH  KOHcyaBTaTiiBHoro  KOHTaKTa  c  npeno^aBaTejieM  c  noMOipBio  kom My h h Kan h o h h bi x  epe^CTB 
H  AP-)- 

Modelling  of  Educational  Processes  on  the  Basis  of  Parallel  Technologies 

Miroshnichenko  I.D. 

Saint  Petersburg  State  University,  Russia 

In  the  present  paper,  a  generalized  educational  process  model  is  constructed  and  analyzed  from  the  point  of 
view  of  parallel  technologies. 
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BbIBOA  yPABHEHHH  ABH>KEHH5I  IIO^BO^HOrO 

obtdEkta  ha  ochobe  hoboh  3AnncH  ko3®®hd;hehtob 

nPHCOEAHHEHHbIX  MACC 

HHKynjeHKO  A-B.*,  IlaBJiOBCKHH  B.A.** 

*  CaHKm.-nemepSypgcKuu  rocydapcmeennuu  Mopcnou  TexnuuecKuu  ynueepcumem,  Poccuh 
**  CaHKm-IJemepSypgcKuu  rocydapcmeennuu  ynueepcumem,  Poccuh 

Tpa/tHUHOHHO  pflSL  BbiBO,n,a  ypaBHeHiiii  ^bh>k6hhm  no^,BO,n,HBix  o6i>exTOB  npiiMeHHeTCH  no.ipco.ii,,  ocHOBaHHBiii  Ha 
iicnojiB30BaHHH  ypaBHeHiiii  JlarpaHixa  BToporo  po,n,a  c  yneTOM  npe^jiOHceHiiH  F.  Knpxro(J>a,  corjiacHO  xoTopo- 
My  BHanajie  paccMaTpiiBaeTCH  .gBinxemie  o6i>exTa  b  imeajiBHOii  ikh^kocth  6e3  yneTa  ^ecjDopMapiiii  cbo6o,h,hoh 
noBepxHOCTii .  KiiHeTiiHecKyio  SHeprano  b  stom  cjiynae  ya,aeTCH  BBipasiiTB  TaKoii  >xe  KBa,a,paTHHHOH  (J>opMOH 
ot  jiiiHeiiHBix  h  yrjiOBBix  CKopocTeii  ^bhikchhm  o6i>exTa,  xax  h  KiiHeTiiHecKyio  SHeprano  Macc  caMoro  o6i>exTa. 
ITocjie  3Toro  b  paccMOTpem-ie  bbo,h,htch  cyMMapHan  HimeTiiHecxaH  SHeprain  cucTeMBi  «ho,zi,bo,zi,hbih  06136x1  — 
OKpyjKaiomaji  >kh;i,koctb»,  a  b  cocTaBe  BHeniHiix  chji  ymiTBiBaiOTCJi  tojibko  ciijibi  HeiiHeppiioniiOH  npHpo,n,Bi. 

B  OTjiHHiie  ot  ^Bi-HKeHiiH  Tejia  b  BaxyyMe  npii  ero  nepeMein,eHHH  b  jkii,ii,kocth  npouBjunoTCJi  iiHeppiiOHHBie 
CBoiicTBa  oxpyjxaromeii  cpe,n,Bi.  9th  CBOHCTBa  o6bihho  yniiTBiBaiOTCJi  c  noMomBio  npncoe,zi,HHeHHBix  Macc,  koto- 
paie  co  BpeMeH  Ki-ipxrocjm  h  JIaM6a  npe^CTaBjunoTCJi  b  Bime  MaTpupBi  H3  36  xo34xf>im,iieHTOB.  9ia  MaTpupa 
co,a,ep>KHT  3jieMeHTBi  c  pasHoii  pa3MepHOCTBio,  xoTopnie  3araicaHBi  ,iyiH  ,n,exapTOBOH  npuMoyrojiBHoil  cucTeMBi 
xoop,a,HHaT.  OHa  He  HBjiHeTCH  MaTpupeii  xomhohcht  HexoToporo  Teraopa  2-ro  paHra  mecTiiMepHoro  npocTpaH- 
CTBa  ne  tojibxo  no  npiiHiiHe  pa3HOi“i  pa3MepHOCTii  xomhohcht,  ho  ii  noTOMy,  hto  BBe^eHiie  b  paccMOTpemie 
Taxoro  TeH3opa  He  HMeeT  (f>H3iiHecxoro  CMBicjia  pjisi  TpexMepHoro  eBxjnmoBa  npocTpaHCTBa.  B  ,n,aHHOii  pa6o- 
Te  noxa3aHO,  hto  MaTpupa  xost}) cf  h  h,  h  e  h  to  b  npiicoe^HHeHHBix  Macc  MOixeT  6bitb  npe,a,CTaBjieHa  xax  pe3yjiBTaT 
cxajinpHOii  (JiopMBi  3anncn  p,jisi  MaTpiipBi  H3  neTBipex  TeH3opHBix  bjicmchtob,  cocTaBjieimoH  H3  TeH3opoB  2-ro 
paHra  —  Macc,  CTaTi-inecxiix  momchtob  h  momchtob  hhcpumh.  9th  TeH3opBi  M*,  J*,  A*  iiMeiOT  hchbiii  reoMeT- 
pi-iHecxi-iH  cmbicji:  TeH3op  npiicoe^HHeHHBix  Macc  M*  nepeBO,a,iiT  BexTop  cxopocTii  nojnoca  Tejia  vo  b  cjiaraeMoe 
BexTopa  xojiiiHecTBa  ^bhixchuh  jxii^xocth,  yBjiexaeMoii  tcjiom.  Bropoe  cjiaraeMoe  stoto  BexTopa  ecTB  pe3yjiB- 
TaT  B03^,eiicTBiDi  aHTiiciiMMeTpiiHHoro  TpaHcnoHiipoBaHHoro  Teraopa  npiicoe^HHeHHBix  CTaTiinecxiix  momchtob 
A*1  Ha  BexTop  yrjiOBOii  cxopocTii  Tejia  u>.  TeH3op  npiicoe^HHeHHBix  CTaTiinecxiix  momchtob  hhcpuhh  Jg  nepe- 
bo,ii,iit  BexTop  yrjiOBOii  cxopocTii  Tejia  b  cocTaBjunomyio  BexTopa  ximeTiiHecxoro  MOMeHTa  oxpyjxaromeii  jxii,a,- 
xocTii  ,a,BH>xyiii,erocji  Tejia  othociitcjibho  nojnoca.  Apyry10  cocTaBjiaromyio  ,n,aeT  aHTHCHMMeTpHHHBift  TeH3op 
npiicoe^HHeHHBix  momchtob  hhcpuhh,  B03,a,eHCTByiOHi,Hii  11a  BexTop  cxopocTii  nojnoca. 

OxoHnaTejiBHO,  KHHeTH'iecxaH  SHeprain  chctcmbi  «xopnyc  FIA  —  oxpyjxaromaa  jxh,hxoctb»: 

T  =  —vo  •  (M  +  M*)  •  vo  +  -to  •  (/o  +  /g)  •  a;  +  a;  •  (AT  +  A*T)  •  Vo, 

rpp  M,  A  h  Iq  —  TeH3opBi  Macc,  CTaTiinecxiix  momchtob  h  momchtob  imeppiin  paccMaTpiiBaeMoro  o6i>exTa 
COOTBeTCTBeHHO. 

Ha  ocHOBe  npe^jiaraeMOii  3anncH  npiicoe^HHeHHBix  Macc  npoH3BO,n,HTCJi  bbibo,h,  ypaBHeHiiii  ^bhixchhh  nofl- 
BO,a,Horo  o6i>exTa,  npuneM  TeH3opHan  npupo^a  paccMOTpeHHBix  cooTHomeHiiii  no3BOJuieT  npiiMeHUTB  hx  b  jiio- 
6bix  ciiCTeMax  xoopn,imaT. 


Derivation  of  Equations  of  Motion  of  an  Underwater  Vehicle  on  a  Base  of 
New  Interpretation  of  Additional  Masses  Coefficients 

Nikushchenko  D.V.*,  Pavlovsky  V.A.** 

*  State  Marine  Technical  University,  Saint  Petersburg,  Russia 
** Saint-Petersburg  State  University,  Russia 

In  this  report  we  present  a  new  interpretation  of  additional  masses  based  on  the  tensorial  form  of  their  recording. 
We  show  all  additional  masses  can  be  reduced  to  three  tensors  of  rank  2  —  tensor  of  masses,  tensor  of  static 
moments  and  tensor  of  moments  of  inertia.  Finally  we  obtain  equations  of  motions  of  an  underwater  vehicle 
using  new  tensors  introduced,  which  are  applicable  for  any  reference  systems. 
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MATHEMATICAL  MODELING 


MO^EJIHPOBAHHE  B3AHMOflEHCTBHH  IIOBEPXHOCTHblX  BOJ1H 
c  npoHnu;AEMbiMn  nPErPA^AMn 

HyflHep  H.C.,  MaKCHMOB  B.B.,  Ea6uHK  fl.B. 

HayHHo-HccjiedoeameAbCKUu  Ifemrip  26  LfHMId  MO  PO,  CaHKm-Ilemep6ypz ,  Poccuh 

PaccMaTpiiBajiacb  3a,n,aHa  o  B3aHMO,n,eHCTBHH  noBepxHOCTHBix  bojih  c  uacTHUHO  npoHiipaeMBiMi-i  h  3arjiy6jieH- 
hbimii  nperpa^aMii.  C  TeopeTiinecKOH  to'ikh  3peHHH,  b  ,n,ByxMepHOH  nocTaHOBKe,  OHa  MO^ejinpoBajiacB  ypaBHe- 
hhhmh  3ftjiepa  pflSL  H,a,eajiBHoii  HeoKHMaeiviOH  >kh;i,kocth  [1],  ABi-incem-ie  jkh,zi,kocth  npe,a,nojiarajiocB  ycTaHOBiiB- 
miiMCH.  rjiy6inia  jkh^kocth  nojiarajiaca  nocTOHHHOii.  06jiacTB  i-mejia  Bim  6ecKOHeuHOi"i  nojiocbi.  F paHHUHBie 
ycjiOBiia  npHHHMajiHCB  cjieflyromiie:  Ha  TBep,a,Bix  He^ecjDopMiipyeMBix  rpaHiipax  CTaBiuiocB  ycjiOBiie  HenpoTexa- 
hhh,  Ha  cbo6o,h,hoh  noBepxHOCTri  BBinojiHHjniCB  KiiHeMaTHHecKoe  h  /],HHaMHHecKoe  ycjiOBiia.  Ha  6ecKOHeHHOCTi-i 
co6jno,a,ajiocB  ycjiOBiie  H3JiyneHH5i.  C  iicnojiB30BaHHeM  npou,e^i,ypBi  jiHHeapri3au,HH  h  nocjie^yromiix  HHTerpajiB- 
hbix  npeo6pa30BaHiiii  3a,a,aHa  CBO,a,HjiacB  k  o6paTHoii  3a,n,aHe  m ar r c[) h 3 h k h .  Pememie  ee  npoBO^iuiocB  npope^ypoii 
peryjiapH3au,HH  no  TiixoHOBy.  ffjisi  opeHxn  nojiyneHHBix  pe3yjiBTaTOB  6biji  BBinojmeH  pjpi,  sxcnepiiMeHTOB  [2,3,4]  - 
Hccjie^OBaHiia  npoBO,n,HjiHCB  b  th^pobojihobom  jiOTxe  ,h,jihhoh  40  m,  hihphhoh  1  m  h  bbicotoh  1,2  m.  rjiy6iraa 
>kh,ii,kocth  cocTaBjiajia  0,6  m.  Mo^ejiiipoBamie  ocymecTBjrajiocB  no  xpHTepnio  no,a,o6HH  ®pyn,a  b  MacniTa6e 
1:40.  Bojihbi  co3^,aBajniCB  BOJiHonpo,nyxTopoM  6ajionHoro  Tima.  ffjinHbi  bojih  BapwipoBajiHCB  b  ,n,Hana30He  ot 
2  flo  4.5  m  npn  BBicoTe  —  ,n,o  0,2  m.  ConocTaBjiemie  noKa3ajio,  hto  ^aHHBie  MaTeMaTiinecKoro  MO^ejiiipoBaHiia 
flOCTaTOHHO  nojiHO  omiCBiBaiOT  4»i3HHecxyio  npupo^y  HBjieHiia.  Pe3yjiBTaTBi  iiccjie^OBaHHH  npiiMeHajiiiCB  npn 
npoeKTi-ipoBaHHH  peajiBHoro  obtexTa  Ha  HepHOMopcxoM  no6epe>xBe. 

JlHTepaTypa 

[1]  AjieniKOB  K>.3.  Teopiis  B3aHM0fleiicTBHa  bojih  c  nperpa,n,aMH.  -  JL:  H3fl-BO  JleHiiHrpa,a,CKoro  yHHBepciiTeTa,  1990.  - 
372  c. 

[2]  MoflejinpoBaHiie  B3aHMOfleiicTBHa  SKCTpeMajibHbix  bojih  c  BOjiH03amiiTHbiMH  rHflpoTexHHuecKHMii  coopyaceHiiaMii 
(coBMecTHO  c  H.C.  HyflHepoM  n  flp.)//  Tpyflbi  VIII  MejKflyHapoflHOH  KOHcf>epeHH,HH  «IlpHKjiaj];Hbie  TexHOJiorHii  rnflpo- 

axycTHKH  h  niji,po4)H3HKH  rA-2006».  -  CI16,  Hayxa,  2006.  C.  235-239. 

[3]  B3aHM0fleiicTBHe  bojih  c  uacTHHHO  3arjiy6jieHHbiMH  nperpaflaMii  (coBMecTHO  c  H.C.  HyzpiepoM  h  pp.)//  AHHOTaipiH 
flOKjiaflOB.  IX  BcepocciiHCKHH  Cbe3ji;  no  TeopeTHuecKoii  h  npHKjiaflHOH  MexaHHKe .  (Hhjkhiih  HoBropoji,,  22-28  aBrycTa 
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[4]  Bo3ji,eHCTBHe  bojih  Ha  HacTHHHO-npoHHii,aeMbie  coopyjKemiH  (coBMecTHO  c  H.C.  Hy/piepoM  h  flp.)/ /Tpyflbi  MexcflyHa- 
poflHoii  KOHcjjepeHpHii  « BbiaiicjiHTejibHbie  h  HH4>opMau,HOHHbie  TexHOJioniii  b  Hayxe,  TexHiiKe  h  o6pa30BaHini».  1  tom.  - 
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Modeling  of  the  Interaction  of  Surface  Waves  with  Permeable  Obstacles 

Nudner  I.S.,  Maximov  V.V.,  Babchik  D.V. 

Scientific  Research  Center  26,  Central  Science  Research  Institute,  Russian  Ministry  of  Defence, 

Saint-Petersburg,  Russia 


Theory  of  water  waves’  interaction  with  partially  submerged  and  partially  permeable  obstacles  in  the  finite  depth 
fluid  is  considered.  The  theoretical  as  well  as  experimental  research  was  fulfilled.  The  results  of  the  research  in 
protected  facilities’  design  are  used. 
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oiipeaejiehhe  AonycKOB  ha  peajth3Ad;hio  nporPAMMHoro 
ynPABJIEHHH  B  ABTOMATHHECKHX  CHCTEMAX 

Oropo,u,HHKOB  KD.H. 

HpKymcKuu  eocydapcmeennuu  ynueepcumem  nymeu  coo6iu,eHun,  Poccuh 


B  peajiBHoft  ci-iCTeMe  aBTOMaTiiHecicoro  ynpaBjieHini  ynpaBjunoipee  ycTpoiicTBO  peaxurayeT  pacneTHoe  nporpaMM- 
Hoe  ynpaBjiem-ie  c  HeicoTopoft  norpeniHOCTBio.  B  cbh3ii  c  sti-im  B03HiiicaeT  3apana  HaxojKpeHiiH  ponycicoB  na 
peajiH3an,Hio  ynpaBjiemiH,  npu  kotopbix  rapaHTiipyeTca  OTKjiOHemie  B03MyipeHHoft  (J>a30Boft  TpaeKTopiiii  ot 
HOMriHajiBHOH  b  3apaHHBix  npepejiax. 

B  npepnojioJKeHHH,  hto  noBepemie  ciiCTeMBi  ynpaBjieHiia  bo  BpeMemi  onpepejmeTCsi  chci’Cmoh  HejnmeftHBix 
piKjxjjepeHpuajiBHBix  ypaBHeHHft  b  HopMajiBHoft  cjropMe  Komii,  CTaBiiTca  3apana  HaxojKpeHira  ponycKOB  na  ot- 
KjiOHeHiie  nporpaMMHoro  ynpaBjieHiia  ot  HOMi-majiBHoro,  rapaHTiipyroipiix  OTKjiOHemie  B03Myipeiinoft  cjiasoBoft 
TpaeKTopiiii  ot  HOMriHajiBHOH  b  3apaHHBix  npepejiax. 

IlcnojiB30BaHa  TexHiixa  opeHKii  KOoppimaT  hjih  hopmbi  pemeHiia  ypaBHeHHft  B03MyipeHHoro  pBHHceHHH  c 
npiiMeHeHiieM  riHTerpajiBHBix  HepaBeHCTB  Fejinpepa.  IIojiyHeHBi  opeHKii  pjia  hopmbi  rejmpepa  BeKTopa  ynpaBjie- 
Hiia  Ha  ocHOBaHHH  ypaBHeHiia  b  Bapnapnax  nepBoro  nopapna.  HcnojiB30BaHiie  ypaBHeHiia  b  Bapnapnax  BToporo 
nopapna  no3BOJinjio  nojiymiTB  cjiepyroipmi  pe3yjiBTaT. 

y TBep>KpeHne .  JJaa  mozo  umo6u  na  unmepeaAe  epeMenu  T  =  [to,h]  djm  HeAuneuHux  cucme.u  euda 
x(t)  =  f(x(t),u(t)),  zde  x(t)  G  Rn  —  n-.uepHuu  eenmop  cocmomun  cucmeMu,  u(t)  €  Rm  —  m-MepHuu 
eenmop  ynpaeAenuA,  f(x,u)  —  u3eecmnaA  n-Mepnasi  eeKmop-^jymyuA,  npu  603MyipeHuu  ynpaeAenuA  Su(-) 
om  HOMunaAbuozo  Saa  603Myiu,eHUA  <f>a3oeou  mpaeKmopuu  Sx(-)  eunoAHAAOCb  coorrmoiueHue  |fej(i)|  <  (3, 
t  G  T,  i  G  [l,n],  (3  —  noAootcumeAbHaA  KOHcmanma,  docmamoHno,  nmo6u  eunoAHAAOCb  yanoeue 


IIMOIloo  <  7)  rpe  7 


-Vi  +  Vv'l  +  Zvp 
a 


a  =  yy2  +  2vy  +  9, 


gi,k(t[ ,  t)  —  ajieMeHTBi  MaTpupBi  Kohhi  ypaBHeHiia  b  Bapnapnax  nepBoro  nopapna;  Su(-),  Su(-)  —  ci-imbojibi 
(jjyHKpHH,  paccMaTpi-iBaeMBix  nan  tohkii  (J>yHKpHOHajiBHBix  npocTpaHCTB. 

CcjDepa  npi-uiOHcemia  nojiyneHHBix  opeHOK  ne  orpaHiiniiBaeTca  3apaneft  HaxoKpeHiia  ponycnoB  Ha  peajni3a- 
piiio  nporpaMMHoro  ynpaBjieHiia.  ITo  MHeHino  aBTopa,  stii  opeHKii  mohcho  ncnojiB30BaTB  b  3apanax  Ha3HaneHiiH 
ponycnoB  Ha  napaMeTpni  piiHaMiinecKiix  cucTeM  npu  ciiHTe3e  po6acTHBix  cucTeM  ynpaBjieHiia  b  cjiynae,  norpa 
HOMHHaaBHoe  3HaneHiie  napaMeTpa  mohcho  cm-iTaTB  HecjiynaftHBiM.  Ha  npanTiiKe  eMy  cooTBeTCTByeT  CHTyapna, 
norpa  TexHOJiorHHecKiift  pa36poc  napaMeTpoB  npeHe6pe>KHMO  mm  (sjieMeHTBi  BBiconoro  Kjiacca  tohhoctii)  hjih 
ace  HanaaBHoe  3HaneHiie  napaMeTpa  ycTaHaBjniBaeTCH  tohho  b  npopecce  Hac  rpoftKH  (peryjmpoBKii)  hjih  nop6opa 

3  jieMeHTOB . 


Determination  of  Allowances  for  Program  Control  Realization 
in  the  Automatic  Control  Systems 
Ogorodnikov  Yu.I. 

Irkutsk  State  University  of  Railway  Engineering,  Russia 

In  the  real  automatic  control  system  the  control  device  realizes  the  nominal  program  control  with  some  error. 
Consideration  is  given  to  the  problem  of  searching  for  the  allowances  of  program  control  realization  that 
guarantee  the  deviation  of  disturbed  phase  trajectory  from  the  nominal  one  within  the  given  limits.  The  estimate 
for  oo-norm  of  control  variation  vector  was  obtained  for  non-linear  controllable  systems  of  ordinary  differential 
equations  in  the  normal  Cauchy  form. 
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BJIHHHHE  XHMHHECKHX  PEAKD)HH  HA  OEPATHblH 
KACKAA  B  KBA3HABYMEPHOH  TYPEYJIEHTHOCTH 

neTpoB  B.E. 

HHcmumym  menjio$u3UKU  um.  C.  C.  Kymamejiad3e  CO  PAH,  HoeocuCupcn,  Poccua 

Hi-icjieHHbie  h  SKcnepiiMeHTajibHbie  iiccjie^OBaHHH  nocjie^Hiix  jieT  npi-iBejin  k  uacTiiuHOMy  nepecMOTpy  npefl- 
CTaBjieHHH  o  <})H3H'iecKOM  MexaHii3Me  obpaTHoro  KacKa,n,a  b  KBa3n,n,ByMepHOH  Typ6yjieHTHOCTii.  Oco6eHHO  sto 
xacaeTCH  pojm  cjihhhiih  MajiBix  Biixpeii  b  6ojiBinne.  Ecjih  b  cjiyuae  3aTyxaiomei"i  Typ6yjieHTHOCTii  oho  ochob- 
Hoe,  ho  H3  Hero  He  cjie,nyeT  o6pa30BaHHH  o6paTHoro  KacKa,n,a  9  Hep  run  Ha  bo3mo>kho  6ojiBmeM  ,n,nana30He  no 
fljiHHaM  bojih,  to  b  KBa3ii,n,ByMepHOH  Typ6yjieHTHOCTH  no^epHaiBaeMOH  BHenmeii  chjioii,  iiapa^y  c  nojiHBiM 
cjiHHHi-ieM  MajiBix  BHxpeft  b  6ojiBmiie,  cyipecTByeT  o6pa30Bamie  KjiacTepoB  (6e3  nojiHoro  cjihhhiih)  ii  b  tojkc 
BpeMH  B03HHKaeT  o6paTHBii"i  KacKa,n,  SHeprun  ot  MajiBix  MacuiTaboB  k  6ojibhihm  Ha  6ojibhiom  ,n,Hana30He  no 
.zynmaM  bojih.  B  He^,aBHO  pa3BHTOM  KOJiHnecTBeHHOM  oni-icaHHH  (Eyink,  2006),  ocHOBaHHOM  Ha  ciiHTe3e  uncjieH- 
Horo  pemeHHH,  jiabopaTopHoro  SKcnepiiMeHTa  h  aHajiiiTHHecKoii  Teopim,  6bijio  noKa3aHO  hto  yTOHuemie  MajiBix 
Biixpeii  c  pacTHHcemieM  b  CTopoHy  6ojibihiix  MacmTa6oB  Be^eT  k  o6pa30BaHino  o6paTHoro  KacKa^a  9  h  ep  fh  h  , 
eooTBeTCTByiomero  KOJiMoropoBCKOMy  cneKTpy. 

B  ^aHHOii  pa6oTe  HCCJie^yeTCH  Bjiiuffliie  xhmhhcckhx  peaKpuii  na  o6paTHBii“i  KacKafl  b  KBa3ii,n,ByMepHOH  Typ- 
6yjieHTHOCTii.  B  KauecTBe  MO^ejin  paccMaTpiiBaeTCu  MO^ejiB  Typ6yjieHTHoro  xhmh'I6Ckh  pearnpyiomero  Tene- 
hhh  no,imep>KHBaeMoro  BHenineii  chjioh,  npe,n,jio>KeHHaji  aBTopoM  b  npe^Bi^yipiix  pa6oTax.  Lfejmio  hhcjichho  — 
aHajiHTHHecKiix  uccjie^OBaHHH  HBjiHeTCH  opeHKa  h  OTjiHHiie  3aKOHOMepHOCTeii  noBe^eHim  o6paTHoro  KacKa^a 
SHepriiii  ii  B3anMOBjiHHHne  xiiMHHecKHx  npeBpameHiiii  h  KBa3imByMepHoii  Typ6yjieHTHOCTii. 


Effect  of  Chemical  Reactions  on  Inverse  Energy  Cascade  in  Quasi  2D  Turbulence 

Petrov  V.E. 

Kutateladze  Institute  of  thermophysics  Sb  RAS,  Novosibirsk,  Russia 

The  new  numerical  and  experimental  studies  led  to  the  partial  revision  of  conceptions  about  the  physical 
mechanism  of  the  inverse  energy  cascade  in  the  quasi  two-dimensional  turbulence.  In  this  paper  the  effect  of 
chemical  reactions  on  inverse  energy  cascade  in  quasi  2D  turbulence  is  investigated.  The  forced  model  of  the 
2D  turbulent  chemical  reacting  flow,  proposed  by  the  author  in  the  previous  papers,  is  considered. 
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<3>PAKTAJIbHbIE  MO^EJIH  H  METO^bl  B  3A^AHAX 
HEJIHHEHHOH  ®n3HKn 

IIoTanoB  A. A. 

Hncmumyrn  paduomexnuKU  u  ajieKmpcmuKU  PAH,  Mooted,  Poccuh 

rpoMa,n,Hoe  pa3Hoo6pa3i-ie  coBpeMeHHBix  3a,n,aH,  B03HHKai0Hi,Hx  b  HejiHHeftHOH  cJ)H3HKe,  Tpe6yeT  pa3pa6oTKii  h 
npiiMeHemiH  hobbix  4»i3HKO-MaTeMaTHHecKiix  MO,a,ejieii  h  MeTO,n,OB.  O^hhmh  h3  Han6ojiee  yHi-iBepcajiBHBix  h 
aKTriBHO  pa3BHBaioiii,iixcH  HanpaBjieHiiii  b  ,n,aHHOH  o6jiacTii  hbjijuotch  cjrpaKTajiBHBie  MO^ejm  h  mcto^bi,  ochobbi 
kotopbix  6bijii-i  pa3pa6oTaHBi  aBTopoM  b  HP9  PAH,  Hauimas  c  80-x  r.r.  XX  b.  [1-3].  A0KJiaA  ciiCTeMaTii3iipyeT 
h  pa3BiiBaeT  MaTepnajiBi  MHorouncjieHHBix  pa6oT  KOJuieKTima  uccjie^OBaTejieii  bo  rjiaBe  c  aBTopoM. 

OpaKTajiBHBie  mcto^bi  hbjijuotch  npimpiiniiajiBHO  hobbimi-i  MeTO^aMi-i  obpaboTKii  nojieii  h  ci-irHajiOB.  Ohh  iic- 
nojiB3yiOT  ^po6Hyio  TonojioriiHecKyio  pasMepHOCTB  npocTpaHCTBa  curHajiOB  h  H3o6pa>KeHHH,  MaTeMaTHuecKHH 
annapaT  ,hpo6hbix  iiHTerpajiOB  h  npoii3BO,n,HBix  (,hpo6hbix  onepaTopoB)  h  CBoiicTBa  caMono^o6iiH  hjih  CKeiunmra 
[1-3].  no  cyTH  ^ejia,  pens  imeT  o  hobom  <f>yHdaMeHma.at>HOM  Hanpaejienuu  e  paduo<f)U3UKe  u  paduoojieKmpoHU- 
Ke  —  npi-iMeHem-ie  Teopim  .neTepMiiHiipoBaHHoro  xaoca,  Teopim  ,hpo6hoh  MepBi  h  CKeiunmroBBix  iiHBapriaHTOB 
b  3a^,auax  noBBimeHiia  imc[)opMaTHBHOCTH  pa/piocucTeM  h  ycTpoiicTB  pa3jnmHoro  Ha3HaueHiiH. 

B  ^.OKjia^e  paccMOTpeHBi  cjie^yromiie  «4)paKTajiBHBie»  HanpaBjiemiH:  (l)-cimepreTimecKiiii  no^xo^i,  k  pa- 
flHO(J)H3HHecKHM  3a,n,aHaM  pa^iiOTexHiiKii,  ajieKTpoHiiKii  h  pa^iiojiOKapiiii;  (2)-c[)paKTa.JiBHBie  MepBi  h  cjipaK- 
TajiBHBie  ciirHaTypBi;  (3)-ii36paHHBie  pe3yjiBTaTBi  c[)paKTajiBHOH  cjDiijiBTpapim  MajiOKOHTpacTHBix  o6T>eKTOB  (b 
tom  uncjie  ii  CTejic  —  o6T>eKTOB);  (4)-TonojioraiH  bbi6opkii  h  cjipaKTajiBHaH  piicjjpoBaa  o6pa6oTKa  ii3o6pa»ce- 
hhh;  (5)-c[)paKTajiBHBie  pacnpe^ejiemiH  hjih  napeTi-iaHBi;  (6)-pa3pa6oTKa  STajioimoro  cjiOBapa  cjipaKTajiBHBix 
npii3HaKOB  KjiaccoB  pejieii  h  npoeKTiipoBaHiie  nepBoro  cjipaKTajiBHoro  HenapaMeTpimecKoro  o6HapyjKHTejia  pa- 
^iiociirHajiOB;  (7)-CTpaHHBie  aTTpaKTopBi  b  (J)a30BOM  npocTpaHCTBe  OTpaxcemiBix  pa^iiojiOKapiiOHHBix  curHajiOB 
^,nana30Ha  mhjijihm6tpobbix  pa^iiOBOJiH;  (8)-KOHii,enii,iia  cJipaKTajiBHBix  pa^noajieMeHTOB  h  cjipaKTajiBHBix  pa- 
^HOCHCTeM;  (9)-(J)paKTajiBHBie  aHTeHHBi  h  cjipaKTajiBHBie  aacTOTHO-H36iipaTejiBHBie  CTpyKTypBi  Ha  hx  ocHOBe; 
(10)  -c^nsHMecKoe  Mo^ejinpoBaHne  (J)paKTajibHbix  HMne/jaHCOB,  ^poGhbix  onepaTopoB  n  (J)paKTajibHbix  koh^ch- 
caTopoB;  (ii)  -MeTO^Bi  nocTpoeHiia  cJjpaKTajiBHBix  curHajiOB  h  cjipaKTajiBHBie  mcto^bi  nepe^aHii  HH<J)opMan,HH; 
(12)  -cj^paKTajiBHaa  o6pa6oTKa  Me,n,im,HHCKOii  imcjiopMaiijm;  (13)-CTpaTeriiHecKiie  npiuioaceHiiax  hobbix  imcjiop- 
m apiiOHHBix  TexHOJion-iii  [1-6]. 

Bo  BpGMa  npo^ojiJKHTejiBHoii  BCTpeHii  c  aBTopoM  (Hbio-Hopk,  ^,eKa6pB  2005  r.)  ocHOBaTejiB  Teopim  cJipaKTa- 
jiob  B.  Ma,Hde.at>6pom  npoaBiui  oueHB  6ojibhioh  iiHTepec  k  pasBiiBaeMoii  b  Pocchii  (JiyH^aMeHTajiBHOii  KOHpenpiin 
« QpaKma.ri'bHue  paduocucmeMU» ,  a  Taione  ko  BceM  npe,n,CTaBjieHHBiM  3,n,ecB  h  b  MOHorpacjmHx  [1-3]  pe3yjiBTa- 
TaM,  nojiyaeHHBiM  b  HP 9  PAH. 
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YHHBepcHTeTCKaa  KHiira,  2005.  848  c. 
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[6]  IIoTanoB  A. A.,  TepMaH  B.A.,  IIoTanoB  B.A.  //  Te3.  ji,okji.  Mock.  koh4>.  « OyHjjaMeHTajiBHBie  h  npiiKjiajiHBie  npo6jieMBi 
coBpeMeHHOH  4>h3hkii»  .-  M.:  Oh3hh.  hh-t  hm.  n.H.  Jle6efleBa  PAH.  2006.  C.  132-133. 

Fractal  Models  and  Methods  in  Nonlinear  Physics  Problems 

Potapov  A. A. 

Institute  of  Radio  Engineering  and  Electronics  of  the  Russian  Academy  of  Sciences,  Moscow,  Russia 

It  has  been  presented  how  the  new  synergetic  approach  on  the  basis  of  fractional  measuring,  fractal  dimension, 
scaling,  fractals  and  deterministic  chaos  has  been  developing  in  IRE  RAS  as  applied  to  problems  of  modern 
nonlinear  radio  physics  and  radio  engineering  since  the  eighties  of  XX  century.  Aspects  of  challenging  infor¬ 
mational  technologies  formation  have  been  considered  in  framework  of  the  new  fundamental  investigation  line 
"Fractal  radiophysics  and  fractal  radioelectronics:  Fractal  radiosystems  design" .  Fundamental  steps  consisted 
in  transfer  of  integer  measuring  signals  received  by  radio  system  into  fractional  measuring  space  using  scaling 
relations,  allow  to  introduce  absolutely  new  conceptions  and  approaches  in  conventional  fields  of  the  classical 
radio  physics  and  radio  electronics  and  to  obtain  sufficiently  unexpected  for  practice  but  physically  validated 
results  on  the  basis  of  these  conceptions.  Some  monographs  were  released  and  more  than  200  scientific  works 
were  published  in  this  line  of  investigations. 
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OnPEAEJIEHHE  HACTOT  KOJIEEAHHH  HEO^HOPO^HblX 
CHCTEM,  OIIHCblBAEMblX  OEOEmEHHbIMH  KPAEBbIMH 
3AAAHAMH  C  K0MIIJIEKCH03HAHHbIMH  nAPAMETPAMH 

IIpoML.icjiOBa  A.C. 

MocKoecKuu  eocydapcmeemiuu  ynueepcumem  um.  M.B.  JIoMonocoea,  Poccuh 

Hccjie^yeTca  3a,n,aHa  KOHCTpyKTiiBHoro  onpe^ejieHira  uacTOT  h  cjjopM  KOJie6aHiii"i  pacnpe,a,ejieHHHx  CHCTeM  c 
cymecTBeHHO  h  3  m  e  h  m  ro  i  hh m h  ch  napaMeTpaMH.  B  OTjnmiie  ot  KjiacciiuecKoro  cjiynaa  caMOConpaHteimoH  salami 
,a,onycKaeTCH  npoii3BOJiBHaH  HejiiiHeimaH  3aBi-ici-iMOCTB  K03c]DcjDim,iieHTOB  ypaBHemia  ot  HiicjiOBoro  napaMeTpa  b 
tom  aiicjie  h  KOMnjieKCHoro,  co6cTBeHHBie  3HaueHHH  KOToporo  Tpe6yeTca  Hafira. 

B  IlHCTiiTyTe  ITpo6jieM  MexaHHKH  PAH  pa3pa6oTaH  opiiriiHajiBHBiH  HHCJieHHO-aHajniTHHecKHH  MeTO,a,  pjm 
BBICOKOTOHHOrO  IIOCTpOeHIIH  IICKOMOTO  peiUeHIIH.  0,a,HIIM  H3  OCHOBHBIX  Tpe6oBaHIIl“l  3TOTO  MeTO,a,a  HBJiaeTCH  Be- 
mecTBGHHOCTB  KOScjjcjjimiieHTOB  ypaBHemra.  Ho  cyipecTByeT  pjm  Tpebyioiipix  pememiii  MexaHiiuecKiix  3a^au  c 
ko m  1  [ j [ e kc  h 03  h a'  1  h  bi m h  K03(J)4)im,i'ieHTaMii.  K  hx  uncjiy  othociitch  3a^,ana  Psjiea  06  ycTOHHi-iBOCTi-i  njiocKona- 
paxuiejiBHoro  c^Biira  b  cjioe  H3  rmeajiBHoii  jkh,h,kocth  jih6o  rmeauBHO-njiacTimecKoro  MaTepiiajia.  nosTOMy  Ha 
ocHOBe  3toto  MeTO^a  pa3paboTaH  HHCJieHHO-aHajiHTHuecKHH  MeTOfl  peinemiH  Tara-ix  3a,n,aH.  npe,n,jiaraeMBiH  no,a,- 
xo,n,  OGHOBaH  Ha  coueTamiH  BapiiapiiOHHoro  no.nxo.n.a,  aHajiii3a  KpaeBBix  3a,n,aH  h  MeTO,n,OB  B03Myru,eHHH.  JlpBTCsi 
opiiniHajiBHoe  onpe,n,e.jieHHe  Majioro  napaMeTpa  3a,n,aHH  h  npe^jiaraeTca  peKyppeHTHBifi  anropiiTM  nocae^OBa- 
TejIBHOTO  yTOHHeHIIH  Co6CTBeHHBIX  HHCejI. 

BBiHiicjiiiTejiBHaa  3(J>4)eKTHBHOCTB  ajiropiiTMa,  o6jia,H,aiom,ero  cbohctbom  ycKopemiOH  (KBa^paTHUHoft)  cxo- 
flHMOCTH,  npoiijuirocTpiipoBaHa  pacueTOM  MO,n,ejiBHBix  npiiMepoB. 


Investigation  of  Eigenvalues  of  the  Non-Uniform  Systems  Described  by  the 
Generalized  Boundary  Value  Problem  with  Complex  Parameters 

Promyslova  A.S. 

Lomonosov  Moscow  State  University,  Russia 

Report  presents  a  new  numerical-analytical  method,  called  the  method  of  accelerated  convergence,  for  solving 
boundary  value  problems  for  differential  equations  of  the  second  order.  The  coefficients  of  the  equations  may 
be  complex.  Analytical  and  numerical  advantages  of  the  method  are  demonstrated  by  the  model  examples;  also 
there  is  a  numerical  solution  of  the  Rayleigh  problem  (which  has  not  the  analytical  solution),  obtained  by  the 
method. 
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AHAJIH3  YCTOHHHBOCTH  3JIEKTPOMArHHTHbIX  MA2THHKOB 

P 0,3,10 kob  <E>.<E>.,  IHenejiaBBiH  A.H. 

CaHKm.-IJemepdypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

C  noMom,bio  ypaBHemiH  JlarpaHnca-MaKCBejuia  cocTaBjieHBi  CiiCTeMBi  6e3pa3MepHBix  ^ncjDcjjepeHpiiajiBHBix  ypaB- 
HeHHH  flflU  0,H,HOH  H  ,H,ByX  OpTOrOHajIBHBIX  IipOBCyi.HIUHX  paMOK  B  BBICOKOHaCTOTHOM  MarHIITHOM  none  [1].  9ti-i 
sjieKTpoMexaHHHecKiie  chctgmbi  hbjijhotch  bu>k  hc  h  i  n  h  m  cjiyuaeM  b  iiccjie^OBaHHHx  cjiojkhbix  ^bh>k6hhh  npo- 
BO^Hiprix  TBep,a,Bix  Ten  MaaTHiiKOBoro  Tima  b  nepeMeHHBix  m armiTHBix  nojiax  [2-4] .  B  Taxi-ix  cucTeMax  3a  cueT 
HajII'IHHH  OCH,HJIJIHpyiOHI,HX  SJieKTpOMaTHHTHBIX  CHJI  B03MOJKHa  CTa6l'IJIH3aH,IIH  HeyCTOIIHHBBIX  COCTOHHHII  paBHO- 
BeciiH,  noHBjieHiie  K0Jie6aTejiBHBix  h  Bpair,aTejiBHBix  ^bh>k6hhh. 

B  npe,a,nojio>KeHiiii  MajiocTii  KBa,npaTa  OTHOineHiia  co6ctb6hhbix  uacTOT  m aaTHi-iKOB  k  uacTOTe  H3MeHeHiiH 
m arHHTHoro  nojia  ^Bi-iHceHiiH  paccMaTpriBaeMBix  cucTeM  pa3^,ejiHK>TCH  Ha  bBiCTpBie  (tokii  b  paMKax)  h  Me^yieH- 
HBie  (yrjiOBBie  CKopocTii  noBopoTOB  paMOK).  BBe^emieM  bmgcto  tokob  hobbix  nepeMeHHBix  ncxo,n,HBie  ypaBHemiH 
npiiBO^HTCH  k  6ojiee  npocToii  (J>opMe,  «npo3paHHoii»  no  OTHomeHino  k  HCCJie^yeMBiM  npopeccaM.  IlpH  stom 
BBi^ejunoTCH  njieHBi,  HBjiHiomHecH  aHajioroM  ypaBHemiH  Xnjijia,  a  npn  neKOTopnix  ^onojimiTejiBHBix  npe,a,no- 
jiOHcemiHx  h  ypaBHemiH  MaTBe. 

ITojiyneHHBie  CiiCTeMBi  hbjihiotch  CHCTeMaMH  TpeTBero  nopH/pca  c  1 1  e  p  h  o;  r  h  '  i  ec  k  h m h  K034xf>im,HeHTaMH  h  c 
MexaHH'iecKOH  tohkii  3pemiH  hbjihiotch  CHCTeMaMH  c  1 1 apaMerrp h ' ice k h m  B036y5K,a,eHHeM  K0Jie6aHHi"i.  3aMopa- 
jKHBaa  Me^jieHHBie  nepeMeHHBie  b  ypaBHemiHx  .hjih  6bictpbix  nepeMeHHBix,  Haxo^HM  uacTHBie  pememiH  ,zi,jih 
nocjie^Hiix,  KOTopBie  no,n,CTaBjiHiOTCH  b  ypaBHemiH  ,zi,jih  Me^jieHHBix  nepeMeHHBix.  TaKHM  o6pa30M  nojiyuaiOTCH 
Hejii-iHeHHBie  ypaBHeHHH  BToporo  nopa^Ka  OTHOCHTejiBHO  tojibko  MexaHH'iecKHx  nepeMeHHBix  c  nepno^HHecKH- 
mh  ko 3 (jx]) h n h e h r ra m h ,  3  a  b  h  or  r  uh  m  h  ot  BpeMemi.  IIpHMeHHH  k  nojiyneHHBiM  ypaBHemiHM  uacTimHyio  jii-iHeapn- 
3aH,Hio,  npnxoflHM  k  xopomo  H3BecTHBiM  ypaBHemiHM  Xiuijia  h  MaTBe  [5].  nojiyneHO  ycjiOBiie  ycTOiiniiBOCTH 
BepxHero  nojiOHcemiH  paBHOBeciin. 

ITpn  yneTe  conpoTHBjiemiH  b  Tomcax  no^Beca  MaHTHiiKOB  HaimeHBi  o6jiacTi-i  HaMeHemia  napaMeTpoB,  coot- 
BeTCTByiOHl,HX  IIHTeHCHBHOCTH  MaTHIITHBIX  nOJieil,  npil  KOTOpBIX  nOHBJIHIOTCH  BepXHIie  H  HHJKHHe  npe^ejIBHBie 
piiKjiBi  h  ncne3aiOT  Bepxmie  u,hkjibi.  IlpH  stom  paMKii  jih6o  K0Jie6jii0TCH  b  cooTBeTCTBiiii  c  hhjkhhmh  npe- 
^ejIBHBIMII  H,HKJiaMH,  JIIl6o  HaHIIHaiOT  BpaiJJ,aTBCH  C  nOCTOHHHOH  yrjIOBOli  CKOpOCTBIO .  IIojiyHeHBI  (J)OpMyjIBI  ,H,JIH 
onpe^ejiemiH  3thx  CKopocTeii. 

PaboTa  BBinojiHeHa  npn  cjuiHaHCOBOH  no^epiKKe  Pocchhckoto  (J)OH^,a  (JiyH^aMeHTajiBHBix  iiccjie^OBaHHii, 
rpaHT  X2  05-08-65484-a. 
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yHHBepciiTeTa.  -  CI16,  2006.  -  153  c. 
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[4]  ApTeMBeBa  M.C.,  CKy6oB  71-K).  ^jHHaMHKa  npoBOflanuix  Tea  MaaTHHKOBoro  Tuna  b  BBicoKonacTOTHOM  MarmiTHOM 

none//  H3b.  PAH.  MexamiKa  TBepfloro  Tejia.  2001.  X2  4.  C.  29-39. 
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Analysis  of  the  Stability  of  the  Electromagnetic  Pendulums 

Rodyukov  F.F.,  Shepeljavyi  A.I. 

Saint  Petersburg  State  University,  Russia 


The  equations  of  the  electromagnetic  pendulums  are  constructed.  The  conditions  of  their  stability  are  obtained. 
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K  OIJEHKE  yCTOHHHBOCTH  nO  MIE/HOBY  MO^EJIEH 
PEJIEHHbIX  ABTOKOJ1EBATEJ1BHBIX  CHCTEM 

PyjKHHKOB  B.A.,  CmiHHa  M.B.,  HepHBinieB  3. II. 

Hpnymcnuu  IJoAumexHUHecKuu  ynueepcumem,  Poccuh 
CaHKm-nemepSypzcKuu  rocydapcmeennuu  djieKmpomexnuuecKuu 
ynueepcumem  (JI9TH),  Poccuh 

Banana  cymecTBOBamiH  pememin  b  «3aMKHyTOi"i  (J>opMe»  npn  onncaHHH  aBTOKOjie6aHiiii  (AK)  b  pejieiiHBix  penax 
6biaa  no-HOBOMy  pemeHa  b  [lj.  B  paHHoii  pa6oTe  paccMaTpi-iBaeTca  opeHxa  ycTOH'iHBOCTH  AK.  3apaaa  pemaeTca 
pjia  npocTBix  AK  b  Mopejin  pemi  c  pejienHBiM  ajieMeHTOM  (P9),  o6jiapaK>m,iiM  npaMoyrojiBHoii  c h m m errp h t i h o h 
riiCTepe3iiCHOi"i  xapaxTepiiCTHxoii . 

JlHHeftHaa  nacTB  Mopejin  (penb  o6paTHOi“i  CBa3ii)  HMeeT  nepepaTOHHyio  (J>yHxn,Hio  (II®)  Biipa 

-k  Yl(s- s0k) 

_ 

ri(s-sfc) 

(n) 

rpe  A(s),  Y (s)  —  ii3o6pa>KeHiia  no  Jlanjiacy  bxophbix  ii  bbixo^hbix  nepeMeHHBix  P9,  k  =  const  >  1,  Sk  h  Sofc  — 
noarocBi  h  h yj i  h  II®. 

Tax  xax  Bapnapna  na  BBixope  P9  —  sto  nepnopiinecxaa  nocaepoBaTeaBHOCTB  HMnyjiBCOB,  xoTopyro  npn- 
6j[h>k6hho  mo>xho  cm-iTaTB  nocaepoBaTeaBHOCTBK)  peaBTa-cjDyHxpnii,  aHaaii3  ycTonmiBOCTH  npoBopi-iM  c  yneTOM 
[2]  c  npi-iMeHem-ieM  annapaTa  pacneTa  pncxpeTHBix  peneii  (AA)  j  cmiTaa  b  pncxpeTHBie  MOMeHTBi  BpeMemi  ne- 
pexaronemia  P9  t  =  nr  HMnyjiBCHBie  xapaxrrep  hct  h  k  h  jniHenHOH  nacTii  pa  a  AA  H  ncxopHofi  Mopean  paBHBiMii, 
t.  e.  /ipp(nr)  =  h(nT),  OTxypa  HaxopiiM  II®  o6paTHoii  CBa3ii  AA  H{z). 

Ecan  xopnii  xapaxTepncTiinecxoro  noaimoMa  Taxoii  AA  \zk\  A  A  TO  SypeT  iimotb  MecTO  ycTonmiBOCTB 
AK  no  .llanyHOBy,  ho  OHa  He  6ypeT  ac h m i  [ rrorr h ' i ec xo h ,  nocxoanxy,  xax  ycTaHOBaeHO,  opi-m  H3  xopHeii  Bcerpa 
paBen  «— 1». 

B  pa6oTe  paccMaTpiiBaiOTCH  pa3annHBie  xaaccni  cncTeM  npn  ( n  —  m)  >  2  ii  onncaHa  xoppexpna  MeTopnxn 
nepexopa  x  AA  npn  (n  —  m)  =  1. 

JlHTepaTypa 

[1]  BepHbimeB  3.  IT.,  MscoepoB  I\  B.,  PyacHiiKOB  B.  A.  MeTop  Touiioro  pacaeTa  aBTOKOjie6aHHH  b  saexTpiiaecKHx  penax, 
copepacaipiix  HejuiHeitHbie  sjieMeHTM  c  pejieiiHOH  riiCTepe3HCHOH  xapaKTepHCTiiKOH  / /  H3b.  By30B  «3jieKTpoMexaHiiKa». 

1987.  Ka  11.  C.  125-127. 

[2]  PyjKHiiKOB  B.  A.,  CnaiiHa  M.  B.,  RepHbinieB  3.  IT.  Oco6eHHOCTH  npoexTHpoBaHiia  ycTofiaiiBbix  Mopeaeii  pejieii- 
hbix  aBTOxoae6aTeaBHbix  papiiosaexTpoHHbix  h  saexTpoTexHiiaecKHx  cncTeM  / /  5-it  MeacpyHapopHtifi  CHMno3nyM  no 
saexTpoMarHHTHoii  cobm6cthmocth  ii  sneKTpoMarHHTHOH  SKoaonni.  CI16.,  2003.  C.  250-253  (C6.  HayaHbix  poxaapoB). 


To  Estimation  of  Ljapunov’s  Stability  Relay  Models  of  Self- Oscillatory  Systems 

Ruzhnikov  V.A.,  Silina  M.V.,  Chernishev  E.P. 

Irkutsk  Polytechnical  university,  Russia 
Saint  Petersburg  State  Electrotechnical  university,  Russia 

Peculiarities  of  some  the  radio-electronic  devices  working  in  conditions  of  natural  and  artificial  interferences, 
requires  their  consideration  as  the  simple  self-oscillations  relay  systems.  Relay  self-oscillatory  systems  have  found 
the  application  owing  to  their  high  speed  and  simplicity  of  processing  of  the  information.  At  developing  of  such 
systems  especially  important  place  borrows  research  of  stability.  This  paper  is  devoted  to  the  new  approach 
and  the  improvement  calculation  of  the  simple  relay  systems  models.  The  particular  note  attend  to  research  of 
stability  of  relay  self-oscillatory  systems  in  a  class  of  systems  with  the  irregular  pulse  characteristic  of  the  linear 
part  containing  the  simple  integrator. 


MATEMATHUECKOE  MOffEJIHPOBAHHE 
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KAHECTBEHHblH  AHAJIH3  OBOElHEHHblX  MO^EJIEH  BOJlbTEPPA 

Ca^faiKOBa  O.H. 

Poccuuckuu  gocydapcmeeHHUv,  omKpumuu  mexHUHecnuu  ynueepcumem 
nymeu  coo6wieHu.n,  Mocnea,  Poccuh 


Pa3jii-iHHbie  o6o6ipeHiia  KjiacciiHecKoii  Mopepn  B.BopbTeppa  «xinqHiiK-}KepTBa»  paccMaTpiiBaniicb  b  MHoro- 
aiicjieHHBix  pa6oTax  (cm.,  nanpi-iMep,  [1]  [4]).  B  HacToaiqeM  coo6iqemni  paccMOTpeHO,  BO-nepBBix,  o6o6iqemie 
Mopepn  BojiBTeppa,  yuiiTbiBaioiqee  BHyTpiiBppoByio  KOHKypeHpino  cpepn  acepTB  Bppa 


(1) 


I  Ni  =  (K^Nf  -  Ni)  -  K2N2)NU 
\  N2  =  {-K3  +  KiN^, 

rpe  N\  —  HHCJieHHOCTB  xepTB,  N2  —  hhcjichhoctb  xhih,hhkob,  Ni  =  - -,  N2  =  — — ,  Ki  (i  =  1, 2, 3, 4) 

dt  dt 

>KiiTejiBHBie  napaMeTpbi,  TV*  —  CTapnoHapHoe  3HaueHne  hiicjichhocti-i  acepTB.  nopyueHbi  pocTaTOHHbie  ycjiOBiia 
ycTOHHHBOCTi-i  cocTOHHirfi  paBHOBecna  h  nocTpoeH  <J)a30BBiii  nopTpeT  ciiCTeMBi  (1).  Bo-btopbix,  npoBepeH  xaue- 
CTBeHHBifi  aHajiii3  Mopepn  B3aHMopeHCTBHH  nonypnpHH,  yuiiTbiBaroipeii  HajiiiHiie  y6e>KHip  pan  »cepTB  Bnpa 


nojio- 


Ni  =  K\Ni  -  K2N2{N \  -  TV*), 
N2  =  -K3N2  +  K4N2(N i  -  TV*), 


(2) 


rpe  iVi  —  HHCJieHHOCTB  xepTB,  N2  —  hhcjichhoctb  xhiphhkob,  TVl  =  1 ,  N2  =  2 ,  Kt  (i  =  1,2, 3, 4)  - 

LLL  LI  L 

nojioaaiTejiBHBie  napaMeTpbi,  TV *  —  nocTOHHHoe  nncjio  oco6en  pcepTBui,  KOTopbie  MoryT  HaftTH  y6e»aiiqe  hjih 
yKpbiTiie,  peaaroipee  hx  HepocaraeMbiMii  pan  xmpHHKa.  IIojiyneHbi  pocTaTOUHbie  ycaoBiia  ycTonniiBOCTii  h  noxa- 
3aHO,  hto  b  CHCTeMe  (2)  nponcxopriT  3aTyxaHiie  xoaebaHHH.  B  TpeTbi-ix,  paccMOTpeHa  MHoroMepHaa  o6o6ipeHHaa 
Mopean  B3  an m ope  h  c  t  b  h a  nonyanpHH  fljia  cayuaa,  xorpa  B3aiiMopeiicTByiOT  n  BiipoB  (n  >  2)  n  xorpa  OTHOCiiTeab- 
naa  cxopocTb  pocTa  xajxpoii  H3  nonyaapiiii  HeaiiHeimo  3aBHCHT  ot  nucaeHHOCTeii  nonyaapnii,  cocTaBaaioipiix 
coo6ipecTBO.  YxaaaHHoe  o6o6ipeHiie  no3BoaaeT  CHaTb  orpaHiineHiia,  CBa3aHHbie  c  aiiHeimocTbio,  n  paccMOTpeTb 
6oaee  innpoxnH  xpyr  3apan,  B03HiixaioiqHx  b  npnaojKeHHax.  fljisi  stoii  o6o6ipeHHoii  Mopean  H3yneHbi  Bonpocbi 
ycTonniiBOCTH  b  CMbicae  JlarpaHPta,  ycTonuiiBOCTH  pernem-iii  b  CMbicae  JlanyHOBa  n  nponHOCTii  TpaexTopiiii  b 
CMbicae  >KyxoBCxoro. 
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[1]  CBupeaceB  K3.M.,  JlorocjseT  Tf.O.  ycTonmiBOCTB  6noaoniaecKHx  coo6ipecTB.-M.:  HayKa,  1978. 

[2]  Ba3BiKHH  A.^I-  HeaiiHeiiHaa  pimaMUKa  B3anMopeiicTByiomHx  nonyaapuft.-MocKBa-HavCBCK:  IlHCTHTyT  KOMnbiOTep- 

hbix  HCcaepoBaHHil,  2003. 

[3]  CapbiKOBa  O.H.  06  ycToiiuHBOCTH  paBHOBecnii  b  o6o6in;eHHoii  Mopean  BoabTepa//Te3.  TJoxaapoB  XLII  Bcepocciiii- 
CKoii  HayHHas  KOH<f>epeHii,HH  no  npobaeMaM  MaTeMaTHKH,  HHcjjopMaTHKH,  4>h3hkh  h  xhmiih.  M.:  Py/fH,  2006.  C.  74. 

[4]  CapBiKOBa  O.H.  06  ycToiiaHBOCTH  paBHOBecnii  b  o6o6in,eHHoii  Mopean  BoaBTepa/ /KanecTBeHHoe  n  nncaeHHoe  nccae- 
poBaHne  MaTeMaTHnecKHx  Mopeaeii  piiHaMHHecKnx  CHCTeM.  MejKBy30BCKnii  c6ophhk  HaynHBix  TpypoB  M.:  PFOTynC, 
2006.  C.  81-85. 


The  Qualitative  Analysis  of  Generalized  Volterra  Models 

Sadykova  O.I. 

Russian  State  Open  Technical  University  of  Railway  Transport,  Moscow 

The  questions  of  stability  of  equilibria  states  and  the  questions  of  qualitative  behaviour  of  solutions  of  generalized 
Volterra  models  are  considered  in  the  report. 


306 


MATHEMATICAL  MODELING 


CIJEHAPHblE  JT0rHK0-BEP05ITH0CTHbIE  MO^EJIH 
am  Bbi^BJiEHna  B3MTOK  h  Koppyrmnn 

CojKnKemjeB  E.^. 

HHcmumym  npoSAeM  Mamimoeedemui  PAH,  CanKm-nemep6ypz,  Poccuh 

ripe^jiaraiOTCH  cn,eHapm>ie  jioniKO-BepoHTHOCTHbie  (JIB)  MO^ejrn  b3htok  pjm  cjiy»c6bi  «9KOHOMiiuecKHx  npe- 
CTynjieHiii"i»  ropo,a,a  c  pejibio  BbiHBjieHiia,  opeHKii  h  aHajni3a  b3htok  no  CTaTiiCTiinecKiiM  ,a,aHHbiM.  OmicaHbi 
JIB-MO^ejiii  b3htok:  1)  b  ynpex^emni  no  napaMeTpaM  ycneniHOCTn  ero  cjjyHKpnoHHpoBaHHH,  2)  hiihobhhkob 
Ha  ocHOBe  oin-icaHHM  n  aHajin3a  napaMeTpoB  i-ix  noBe^eHiin,  3)  yupexc^eHiiH  n  hhhobhiikob  Ha  ocHOBe  aHajin3a 
napaMeTpoB  o6cjiy»aiBaHHH.  IIpHBe^eHbi  npiiMepbi  o6yneHHH  n  aHajn-i3a  HB-MO^ejin  b3htok  no  CTaTriCTi-me- 
ckhm  ,n,aHHbiM.  3a,n,anH  b3htok  ii  Koppynpnn  OTjinnaiOTCH  6ojibmon  BbinncjiHTejibHoii  cjiojkhoctbio  n  pemaiOTCH 
tojibko  c  Hcnojib30BaHneM  cnepnajibHbix  jiornnecKnx  Software. 

IIpo6jieMa  b3htok  ii  Koppynpnn  aKTyajibHa  ,zyia  mhoi  hx  CTpaH.  IIy6jiHKan,HH  no  Koppynpnn  ii  B3HTKaM, 
copnajibHoii  CTaTiiCTiiKe  HMeiOT  co,a,ep>KaTejibHbie  om-icam-ia,  no,n,po6Hbie  aHajni3bi,  6ojibmoe  hhcjio  npiiMepoB, 
KOMMeHTapneB  3aKOHOB  ii  yronoBHoro  KO,n,eKca,  no  He  co,a,ep>KaT  MaTeMaTiinecKiix  MO^eneii  b3htok. 

Ajih  pememiH  copnajibHbix  i-i  opraHH3 apriOHHbix  3a,n,aH  (BKjnonaH  npo6jieMbi  BbiHBjiemiH  h  aHajni3a  MorneH- 
HiinecTB,  b3htok  h  Koppynn,HH)  HynceH,  no  MHeHino  A^KOHa  <f>OH  HeftMaiia  i-i  Hop6epTa  Bimepa,  MaTeMaTimecKHH 
annapaT  iia  ocHOBe  jiorHKH,  ^HCKpeTHoii  MaTeMaTi-iKi-i  h  KOM6iiHaTopiiKH,  6ojiee  npnro^Hbiii,  neM  ^H(J>4)epeHH,H- 
ajibHbie  ypaBHemiH. 

TaKoii  a^eKBaTHbiii  MaTeMaTH ' i ec k h  h  annapaT  pa3pa6aTbiBaeTcn  ii  na3biBaeTcn  « JIorriKO-BepoHTHOCTHaH 
(JIB)  Teopnn  pncKa  c  rpynnaMn  HecoBMecTHbix  co6bithh».  On  anpo6npoBaH  pjisi  opeHKii  ii  aHajni3a:  Kpe,n,HT- 
Hbix  pncKOB,  pncKa  nopTcjjejia  peHHbix  6yMar,  pncKa  noTepn  scjrcjreKTHBHOCTH,  pncKa  neycnexa  MeHe,n,>KMeHTa 
KOMnam-in.  .HB-MO^ejin  pncKa  o6jia,n,aiOT  bmcokhm  KanecTBOM.  HanpiiMep,  JIB-MO^ejin  Kpe,n,HTHoro  pncKa  noKa- 
3ajin  b  ,n,Ba  pa3a  6ojibinyio  tohhoctb  h  b  ceMb  pa3  6ojibmyio  po6acTHOCTb,  a  TaK*e  a6cojiK>THyio  npo3panHOCTb 
b  pacno3HaBaHHn  njioxnx  ii  xoponnix  Kpe^nyiTOB,  neM  H3BecTHbie  MeTO^iiKii. 

IIOHHTHH  BepOHTHOCTb  B3HTKI-I  H  KOppynU,HH  6jIH3KH  K  nOHHTIIHM  Ha,II,e>KHOCTb  B  TeXHIIKe  H  pnCK  B  3KOHOMHK6 
n  6aHKax.  Ham,e  Bcero  b3htki-i  HMeiOT  MecTO  npn  nojiyneHiin  jihuchshh  (o6pa30BaHiie,  Typn3M,  Me^i-myraa, 
CTporiTejibCTBo) ,  pa3pemeHin“i  (FAII,  TaMonora),  o6pa30BaHHH  (aTTecTaTbi,  ^nnjiOMbi,  9K3aMeHbi),  perncTpapnn 
(opraHbi  MBA,  MecTHoii  BjiacTn)  ii  ,np. 

AAa  KOJinnecTBeHHon  opeHKii  ii  aHajni3a  b3htok  ncnojib3yeTCH  jioriiKO-BepoHTHOCTHaH  Teopiia  (JIB-Teopnn) 
pncKa  Heycnexa  c  rpynnaMn  necoBMecTHbix  co6bithh  ii  ctpohtch  JIB-MO^ejin  b3htok  Ha  ocHOBe  c rrarr  h  ct  h  '  i  ec  k  h  x 
,n,aHHbix.  PaboTa  jrajmeTCH  o,h,hoh  h3  nepBbix  MaTeMaTiinecKiix  pa6oT  no  BepoHTHOCTH  b3htok  h  He  npeTeH,nyeT 
Ha  paccMOTpeHiie  Bcex  acneKTOB  stoii  cjiojkhoh  npo6jieMbi  h  pa3pa6oTKy  Bcex  cpeHapneB  b3htok.  B  6ojibmei"i 
Mepe  H3Jio»ceHbi  Bonpocbi  oinicaHun  h  nocTpoemiH  MO^exteii  b3htok,  opemai  h  aHajni3a  BepoHTHOCTH  b3htkii,  h 
nonTH  He  paccMaTpiiBaiOTCH  copnajibHbie,  ropn^HnecKHe  h  opraHH3au,HOHHbie  npo6jieMbi  b3htok. 


Scenario  Logic  and  Probabilistic  Models  for  Detecting  of  Bribes  and  Corruption 

Solojentsev  E.D. 

Institute  of  Problems  of  Mechanical  Engineering  of  R AS,  Saint-Petersburg,  Russia 

The  scenario  logic  and  probabilistic  (LP)  bribe  models  for  the  department  "Economic  crimes"  of  towns  are 
proposed  with  the  purpose  of  revealing,  estimating  and  analyzing  bribes  on  the  basis  of  the  statistical  data.  The 
following  bribe  LB-models  are  described:  1)  at  the  institutions  according  to  the  results  of  their  functioning,  2) 
of  the  officials  on  the  basis  of  the  descriptions  of  their  behavior,  3)  of  the  institution  and  of  the  officials  on  the 
basis  the  analysis  of  the  service  parameters.  Examples  of  identifying  and  of  the  analysis  of  the  bribe  LP-models 
according  to  the  statistical  data  are  given  here.  Problems  of  bribes  and  corruption  are  of  great  computing 
complexity  and  are  solved  only  by  means  of  special  Software. 
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MATEMATHHECKOE  H  HMHTAIJHOHHOE  MO^EJIHPOBAHHE 
MYJlbTH-ArEHTHblX  TEJIEKOMMYHHKAIJHOHHblX  CETEH 
C  AAAIITHBHblM  YIIPABJIEHHEM  nOTOKAMH  ^AHHblX 

Ct.ipu,eB  A.B.*,  THMOtJjeeB  A.B.**,  KojiOTaeB  A.B.** 

*  CaHKm-IJemep6yp2CKUu  eocydapcmeennuu  ynueepcumem,  Poccua 
**  CaHKm-nemepSypdeKuu  UHcmumym  uwfiopMarriuKU  u  aemoMamusayuu  PAH,  Poccuh 

B  ^OKjia^e  paccMaTpi-maiOTCH  MaTeMaTHuecKiie  MO/jejiH  TejieKOMMyHHKauyiOHHBix  h  KOMnBiOTepHBix  ceTeii  c  ne- 
peMeHHOH  reTeporeHHoii  CTpyKTypoii  Ha  ocHOBe  cucTeMHoro  aHajnraa,  hx  flHHaMHKH  (ii3MeHeHiie  Tonojion-ni  y3- 
jiob  h  napaMeTpoB  KaHajiOB  cbh3ii)  .  06cy»c/i,aiOTCJi  npo6jieMBi  MyjiBTii-areHTHoii  h  a/i,anTHBHOH  MapmpyTii3aH,iiH 
noTOKOB  //aHHBix.  3HaHiiTejiBHoe  BHiiMaHi-ie  yz/ejmeTCH  HMHTapHOHHOMy  MO/jejiiipoBaHHio  TejieKOMMyHHKapiiOH- 
hbix  ceTeii  c  nepeMeimoii  CTpyKTypoii  (Tonojiorneii  y3JiOB  h  KaHajiOB  cbh3h)  ii  reTeporeHHoii  (MyjiBTiicjrpaK- 
TajiBHOil)  apxiiTeKTypoii,  npe^ocTaBjunorpiix  nojiB30BaTejniM  kslk  BHeniHHM  areHTaM  neo6xo/i,HMBie  TejieKOM- 
MyHHKanHOHHhre,  imcjropMai/HOHHBie  h  BBiHiicjiHTejiBHBie  pecypcBi,  pacnpe^ejieHHBie  b  KOMnBiOTepHBix  cerax  h 
GRID-iiHcjjpacTpyKType.  OcHOBHBie  pe3yjiBTaTBi  CBjraaHBi  c  ciicTeMHBiM  aHajni30M  /pmaMHHecKHx  MO/i,e.jieii  Te- 
j [ e ko m m y h  h  Ka n h o h  h  a [ x  ceTeii  c  nepeMeimoii  CTpyKTypoii  h  BapBiipyeMBiMi-i  napaMeTpaMH,  KpiiTepiiHM  ynpaBjia- 
eMOCTH  (MapmpyTH3HpyeMOCTii) ,  a,ii,anTHBHOMy  ciiHTe3y  MO/i,ejieii  MapmpyTH3aTopoB  i-i  HHTejuieKTyajiH3an,HH  ce- 
TeBoro  ynpaBjieHHH  noTOKaMi-i  //aHHBix  b  ycjiOBinix  Heonpe^ejieiinocTH.  B  /i,OKjia/i;e  npe/yiaraiOTCJi  MaTeMaTime- 
CKiie  h  KOMnBiOTepHBie  MO/jemi  BHyTpeHHiix  ceTeBBix  h  neiipoceTeBBix  areHTOB,  npe^HasHaneHHBix  /pm  MyjiBTii- 
areHTHoii  (rpynnoBoii)  MapmpyTH3an,HH,  aBTOMaTiraecKoro  pa3pemeHini  ceTeBBix  kohcJwihktob  h  a/i,anTHBHoro 
(o6yHaeMoro)  pacno3HaBaHHH  iiHcjjopMai/HOHHBix  noTOKOB  b  //rmaMimecKOH  hjih  uacTiiHHO  Heonpe/i,ejieHHoii  cpe- 
//e,  BKjnoHaioru,eii  b  ceba  TejieKOMMyHHKai/i-iOHHBie  h  KOMnBiOTepHBie  cera  h  BHenmiix  areHTOB-nojiB30BaTejieii. 
9(J)4)eKTHBHOCTB  npe/piaraeMoro  no/pco/i,a  njunocTpiipyeTCJi  BBiHiicjiHTejiBHBiMH  SKcnepiiMeHTaMii  no  HMiiTai/ii- 
OHHOMy  MO/zejii-ipoBaHHio  TejieKOMMyHHKai/HOHHBix  ceTeii  c  MyjiBTii-areHTHoii  h  a//anTHBHOii  MapmpyTH3an,Heii 
nOTOKOB  //aHHBIX . 


Mathematical  and  Imitation  Modeling  of  Multi- Agent  Telecommunication 
Networks  with  Adaptive  Control  for  Data  Flows 
Syrtsev  A.V.*,  Timofeev  A.V.**,  Kolotaev  A.V.** 

*  Saint  Petersburg  State  University,  Russia 

**  Saint-Petersburg  Institute  for  Informatics  and  Automation  of  the  Russian  Academy  of  Sciences,  Russia 

The  paper  describes  mathematical  models  for  telecommunication  and  computer  networks  with  variable  hetero¬ 
geneous  structure  on  the  base  of  system  analysis,  their  dynamics  (change  of  node  topology  and  communication 
channel  parameters).  Problems  of  multi-agent  and  adaptive  routing  are  discussed.  Significant  attention  is  given 
to  imitation  modeling  for  telecommunication  networks  with  change  structure  (node  topology  and  communication 
channels)  and  heterogeneous  (multi-fractal)  architecture,  rendering  to  users  as  external  agents  necessary  telecom¬ 
munication,  information  and  computer  resources,  distributed  in  computer  networks  and  GRID-infrastructure. 
Main  results  are  connected  with  system  analysis  of  dynamic  models  of  telecommunication  networks  with 
changing  structure  and  varied  parameters,  control  (routing  ability)  criteria,  adaptive  synthesis  of  models  for 
routers  and  intellectualization  of  network  control  for  data  flows  in  conditions  of  uncertainty.  Mathematical  and 
computer  models  of  internal  network  and  neural  agents  for  multi-agent  (group)  routing,  automated  resolution 
of  network  collisions  and  adaptive  recognition  of  information  flows  in  dynamic  or  uncertain  environment  are 
suggested. 
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MATHEMATICAL  MODELING 


CHHTE3  H  MOAEJTHPOBAHHE  CHCTEM  nHTEJlJIEKTYAJlbHOrO, 
HEHPOHHOrO  n  MYJlbTH-ArEHTHOrO  YIIPABJIEHHH 

THMOcJjeeB  A.B.,  KDcynos  P.M. 

CaHKm-IIemepSypdCKUu  uHcmumym  uncfiopMarnuKU  u  aemoMamusayuu  PAH,  Poccuh 

MaTeMaTi-inecKoe  MO^ejinpoBamie  ciiCTeM  MHoro-areHTHOi"i  (rpynnoBoii)  riaBiirapiin  h  ynpaBjiemiH  .gBi-iucem-ieM 
Heo6xo,a,i'iMO  pjisi  opraH  HsapHH  pejieHanpaBjieriHoro  KOJUieKTiiBHoro  noBe,a,eHiiH  mo6iijibhbix  areHTOB  b  ycjiOBiiax 
Heonpe,a,ejieiiHOCTH  b  /ymaMiraecKiix  cpe^ax  c  npenHTCTBHHMH  (3anpeTHBiMii  30HaMi-i) .  B  ^OKjia^e  o6cy:*yi,aiOT- 
ch  oco6eHHOCTi-i  HucjjopMapiiOHHoro  (ceHCopHoro)  o6ecneHeHiia  h  mcto^bi  ciiHTe3a  ajiropiiTMOB  a^anTHBHoro, 
HHTejijieKTyajiBHoro  h  HeftpoHHoro  ynpaBjieHiia  ^BiixceniieM  HexoTopBix  KjiaccoB  no^BiixcHBix  oGteKTOB  (mo- 
6iijiBHBie  po6otbi,  6ecmijiOTHBie  jiGTaTejiBHBie  annapaTBi  h  T.n.)  npii  HajiHHHH  H3BecTHBix  hjih  neii3BecTHBix 
npenaTCTBiiii.  C  no3Hn,Hfi  Teopim  MHoro-areHTHBix  CiiCTeM  paccMaTpimaiOTCH  npo6jieMBi  im^opMaip-iOHHoro 
MOHriTopriHra  h  a,a,anTiiBHoro  ceTeBoro  ynpaBjiemiH  iiHcjropMapHOHHBiMii  noTOKaMH,  B03HHKaioiH,He  b  rjio6ajiB- 
hbix  TejieKOMMyHriKapriOHHBix  cucTeMax  c  H3MeH5noin,eHCH  flEHamicoH  (Tonojiomeii  y3JiOB  h  KatiajiOB  cbh3ii) 
h  pacnpe,a,ejieHHBix  GRID-cpe,n,ax.  PaccMaTpiiBaiOTCH  pe3yjiBTaTBi  pa3pa6oTKH,  MO^ejiiipoBaHiiH  h  BHe^pemia 
HHcjjopMapiiOHHoro  h  aaropiiTMiiaecKoro  o6ecneaeHiia  MHoro-areHTHBix  CiiCTeM  aHTHTeppopiiCTnuecKOH  HanpaB- 
aeHHOCTii  (MOHHTopimr,  Bii,ii,eo3axBaT,  onpe^enemie  HaBiirapiiOHHBix  xapaKTepucTiiK  h  pacno3HaBaHiie  no,a,Bii>K- 
hbix  oGteKTOB  Ha  BOK3aaax  hjih  b6jih3h  Tpy6onpoBO,a,OB) . 

Pe3yjiBTaTBi  nojiyueHBi  npn  no,zmep}KKe  rpaHTOB  POOH  Y  05-01-08044-o<J>h  h  N2  06-08-01612. 


Synthesis  and  Modeling  for  Systems  of  Intelligent, 

Neural  and  Multi- Agent  Control 

Timofeev  A.V.,  Yusupov  R.M. 

Saint-Petersburg  Institute  for  Informatics  and  Automation  of  the  Russian  Academy  of  Sciences,  Russia 

Mathematical  modeling  for  systems  of  multi-agent  (group)  navigation  and  motion  control  is  necessary  for 
organization  of  purposeful  collective  behavior  of  mobile  agents  in  uncertainty  conditions  in  dynamic  environ¬ 
ments  with  obstacles  (restricted  areas).  Peculiarities  of  information  (sensor)  means  and  methods  for  synthesis  of 
algorithms  for  adaptive,  intelligent  and  neural  motion  control  for  some  classes  of  mobile  plants  (mobile  robots, 
unpiloted  air  vehicles  etc.)  with  known  or  unknown  obstacles  are  discussed.  Problems  of  information  monitoring 
and  adaptive  network  control  in  telecommunication  systems  with  changing  dynamics  and  distributed  GRID- 
environments  are  described.  Results  of  development  and  implementation  of  information  and  algorithmic  software 
for  multi-agent  antiterrorism  systems  (monitoring,  video  capture,  navigation  characteristic  determination  and 
mobile  plant  recognition  on  railway  stations  or  near  pipe  lines)  are  described. 
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nCCJIEAOBAHHE  HEJIHHEHHbIX  MATEMATHHECKHX 
moaejiek  3nnAEMnn 

$OMKHH  n.A. 

Mocko6ckuu  aeucmuoHHUu  UHcmumym 
(eocydapcmeenHuu  mexHunecKuil  ynueepcumem) ,  Poccua 

B  ,n,OKjia^i,e  paccMOTpeHbi  MaTeMaTi-iHecKi-ie  MO^ejn-i  pacnpocTpaHeHira  siupgeMHH  b  nonyjiHpiiax,  onncbiBaeMbie 
CHCTeMaMH  o6biKHOBeHHbix  ^iKjxJjepeHpiiajibHbix  ypaBHemiH.  C  noMOin,bio  MeTO,a,OB  KanecTBeHHOH  Teopim  ,zi,i-i(J>- 
cjjepeHpiiajibHbix  ypaBHeHHft  [1-3]  i-i3yHeHO  noBe^em-ie  peineHHit,  nocTpoeHbi  (f>a30Bbie  nopTpeTbi  h  oxapaKTepi-i- 
30BaH0  pasBHTiie  am-meMi-iii  bo  BpeMemi. 

K  MO,a,ejiHM  nepBoro  Tima  othoci-itch  nejii-meifflasi  aBTOHOMHaa  MO^ejib,  b  KOTopoii  b  xauecTBe  (J>a30Bbix 
nepeMeHHbix  Bbi6paHbi  hi-icjio  BOcnpi-iiiMHi-iBbix  k  6ojie3Hii  h  hi-icjio  3a6ojieBim-ix,  b  cooTBeTCTByiomux  MacniTa- 
6ax.  Hai"meH  nepBbiii  i-iHTerpan  h  noxasaHO,  hto  b  MO^ejin  hi-icjio  BOcnpi-n-iMHi-iBbix  k  6ojie3Hii  na,n,aeT,  a  hi-icjio 
3a6ojieBmnx  .npcTi-iraeT  MaKCiiMajibHoro  3HaHeHira  nepe,n,  TeM,  ynacTb  ,n,o  Hyjia. 

Ecjii-i  MO,a,ejib  nepBoro  Tima  MO,a,H4)im,iipoBaTb,  cm-iTas,  hto  hi-icjio  BOcnpin-iMHi-iBbix  k  6ojie3Hii  pacTeT  c  no- 
CTOHHHOH  CKOpOCTBIO,  TO  HOBaH  MO,H,ejIb  HMeeT  yCTOIIHIIBOe  COCTOHHIie  paBHOBeCI'IH  B  o6jiaCTI-I  HeOTpiIU,aTejIbHOCTIT 
c[)a30Bbix  nepeMeHHbix,  a  Ti-moM  coctohhiih  paBHOBecusi  npn  stom  rbjlrqtcr  ycTOHHi-iBbiii  cjjOKyc.  PaccMOTpeHO 
h  ^pyroe  o6o6m,eHi-ie  MO^ejm  nepBoro  Tima  —  ,h,jih  cjiynaa,  xor^a  hi-icjio  BOcnpi-n-iMHi-iBbix  k  6ojie3Hii  pacTeT  c 
nepeMeHHoii  CKopocTbio  (Hejii-meimbiii  HeaBTOHOMHbiii  cjiynaii). 

K  MO^ejiHM  BToporo  Tima  othoci-itch  Hejii-meimaH  MO^ejib,  KOTopaa  om-icbiBaeT,  kslk  cpe^ii  HeKOTopoti  no- 
nyjiHpmi  pacnpocTpaHaeTca  6ojie3Hb,  ocTaBjunomasi  nocjie  ce6a  ctohki-ih  i-iMMyrn-iTeT.  B  KanecTBe  (f>a30Bbix 
nepeMeHHbix  MO,n,ejm  BbidpaHbi  ^,ojii-i  nonyjiaqim,  KOTopbie  cooTBeTCTBeHHO  a)  3,n,opoBbi,  ho  no^BepnceHbi  iih- 
tjieKUHH,  6)  3apa»ceHbi.  A0JIH  nonyjijm,im  c  i-iMMyrn-iTeTOM  BbipancaeTca  nepe3  yKa3aHHbie  nepeMeHiibie  [1,4]. 
Hai"meHbi  ycjiOBi-ia,  naKjia^biBaeMbie  na  K03(J>4HiIhieHTbI  MO^ejin,  npn  kotopmx  1)  hiicjio  3a6ojieBim-ix  y6bma- 
eT  ii  CTpeMi-iTca  k  Hyjno,  2)  hi-icjio  3a6ojieBHiiix  B03pacTaeT  ,n,o  MaKCiiMajibHoro  3HaHeHiia,  a  3aTeM  y6biBaeT 
,n,o  Hyjia.  ripn  3tom  KOJii-inecTBO  ne  6ojieBHiiix  (3^opoBbix,  ho  no^,Bep»ceHHbix  hhcJickhmh)  npn  B03pacTaHi-n-i 
BpeMemi  CTpeMi-iTca  k  HexoTopoMy  3HaHeHiiio,  KOTopoe  HBjiaeTca  xopHeM  cooTBeTCTByiomero  ajire6pai-iHecxoro 
ypaBHeHiia. 
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The  Investigation  of  Nonlinear  Mathematical  Models  of  Epidemics 

Fomkin  P.A. 

Moscow  Aviation  Institute  (State  Technical  University) ,  Russia 


The  nonlinear  mathematical  models  of  propagation  of  epidemics  in  populations  are  considered.  The  methods  of 
qualitative  theory  of  differential  equitation  are  used. 
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OB  yCTOHHHBOCTH  MHCDKECTBA  PABHOBECHBIX  C0CT02HHH 
AHHAMHHECKOH  MOAEJin  KOHKyPEHTHOrO  PBIHKA 

Xau,KeBHH  B.J1. 

BoponecHccKuu  $>ujiuaji  BcepoccuucKoeo  3aouHoeo  <fiuHaHcoeo-9KOHOMunecKoeo 

UHcmumyma,  Poccun 

PaccMaTpi-iBaeTca  pbihok  n-TOBapoB.  IlycTB  p —  HeoTpupaTejiBHBiH  BeKTop  pen  Ha  TOBapni,  a  F(p)  —  MHoro- 
3HaHHaa  cjryHKpiiH  H36BiTOHHoro  cnpoca.  /I H H a M h  '  i  ec  Kan  Mopejm  pniHKa  momt  6bitb  3amicaHa  b  Bppe  pi'icjxjre- 
peHpuajiBHoro  BKjnoueHira  b  eBKjippoBOM  npocTpaHCTBe  Rn 

^ef(p),p(o)=p°.  (l) 

PaBHOBecHaa  peHa  p*  b  stoh  CHTyapHH  ypoBjieTBopaeT  onepaTopHOMy  BRjiroueHino  0  G  F(p*). 

TeopeMa  1.  nycmb  .HHozo3naunaA  <f>ynKu,uA  F  no.aynenpepuena  ceepxy,  uMeem  nenycmue  eunyK.aue  3a- 
MKHymue  u  ozpanuuennue  o6pa3u  u  euno.anen  3anon  BaAbpaca  ( p,  f )  <  0  (Vp  G  Rf,  V/  G  F(p)).  nycmb 
donoAHumejibHO  euno.aneno  ycAoeue  «eneduazonaAbnou  neompuu,ameAbnocmu» : 

ecAu  p>  0  u  pi  =  0,  mo  /,;  >  0  d.n,A  V/  G  F(p). 

Tozda  3adaua  Komu  (1)  d.n,A  bcakozo  p  0  >  0  UMeem  xomsi  6u  odno  pemenue  e  Konyce  RA,  d.aA  ecex  t  >  0.  77pu 
3moM  ||p(f)||  <  ||p°j  (Vt  >  0). 

TeopeMa  2.  nycmb  eunoAnenu  ycAoeuA  meope.HU  1  u  c.aa6aA  aKCuo.ua  euABAennozo  npednoumenuA: 
(q,f)  >  0  (Vp  G  i?"  :  p  Z,  V/  G  F(p)).  Tozda  punon  ycmouuue,  m.e.  npu  ak>6ou  HanaAbnou  yene  p°  >  0 
Kawcdoe  pemenue  3adauu  (1),  cmpe,uumcA  k  neKomopo.uy  paenoeecno.uy  cocmoAnuw  npu  eo3pacmauuu  epeMe- 

HU. 

TeopeMa  3.  B  npedno./iootcenuAX  meope.HU  2  Mnootcecmeo  paenoeecnux  eenmopoe  Z  C  i?"  ue  nycmo 
eunyKAO  u  3a.HKuymo. 

TeopeMa  4.  B  ycAOBUAX  meope.HU  2  .unocHcecmeo  paenoeecnux  cocmoAnuu  Z  ycmounueo  no  Jlsmynoey , 
mounee  no  .awdo.uy  e  >  0  naudemcA  mame  6  >  0,  umo  p[p(t),Z]  <  e  npu  t  >  0  d.tiA  awSozo  pemenuA  p{t) 
dutfxfepenyuaAbnozo  BKAwnenuA  (1),  ydoeAemeopAioiyezo  yaaoeum  p[p°,Z]  <  S. 

TeopeMa  5.  nycmb  euno.anenu  ycAoeuA  meope.HU  2  u  odecneuena  eduncmeennocmb  enpaeo  pemenuu  3a- 
dauu  (1)  npu  Vp  0  >  0 . 

Tozda  duna.uuuecKaA  cucme.ua  nopootcdae,uaA  3adaueu  (1),  u.ueem  npu  aw6om  r  >  0  MunuMaAbnuu  zao- 
SaAbnuu  B -ammpaKmop  A  e  Xr,  coenadawvyuu  c  paenoeecnu.H  .unocHcecmeo.u  Zr:  Z  n  Xr. 


On  the  Stability  of  the  Set  of  Equilibrium  for  the  Dynamic  Model 

of  the  Competitive  Market 

Khatskevich  V.L. 

Voronezh  branch  of  All-Russian  Correspondence  Financial-Economical  Institute,  Russia 

The  aim  of  this  work  is  the  research  of  stability  of  continued  dynamical  model  in  the  conditions  of  multifunction 
of  surplus  demand.  This  model  is  described  by  differential  inclusion.  The  market  equilibrium  is  observed  as  a 
limited  state  of  trajectory,  corresponding  to  the  continued  dynamic  model  and  is  in  this  case  the  solution  of 
operator  inclusion,  arose  from  the  function  of  surplus  demand. 
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OCOEEHHOCTH  MATEMATHHECKOrO  MO^EJTHPOBAHHH 
CJIO>KHbIX  rEOJIOrnHECKHX  n  rEOTEXHHHECKHX  nPOLtECCOB 

XpaMneHKOB  M.T. 

HHM  MameMamuKU  u  MexamiKU  Ka3cmcKoeo  zocydapcmeenHOdo  ynueepcumema,  Poccusi 

Il3BecTHO,  hto  b  nocjie^Hee  BpeMH  Bee  6ojiee  Baumyio  pojit  b  uayueHUH  oco6eHHOCTei"i  cjioumbix  (B3aiiMOCBH- 
3aHHbix)  reojioniHecKiix  h  reoTexHHuecKHx  npoqeccoB  i-irpaeT  iicnojib30BaHiie  MaTeMaTHuecioix  MO,a,ejieii  sthx 
npopeccoB.  MaTeMaTiinecKiie  MO^ejin  ochobhhx  reojioriiHecKiix  npoqeccoB  (cjDiijibTpapiiH,  noBe^emie  ropHoro 
MacciiBa  nqn,  Harpy3KOii,  pacnpe^ejiemie  MexaHHuecKHx  HaiipsoKeHHH  BOKpyr  ropHbix  Bbipa6oTOK  h  np.),  H3BecT- 
Hbi  h  xopomo  H3yneHbi.  Hx  iicnojib30BaHiie  Ha  npaKTHKe  nocTaBjieHO  Ha  noTOK  h  npiiHOCiiT  omyTiiMbiii  scJn^eKT. 
0,n,HaKO  c  pa3BHTiieM  TexHOJioriiii  i-i  neo6xo,H,HMOCTbK>  yueTa  iiobbix  cjmKTopoB  b  Tpa,n,HH,HOHHbie  MO^,ejiii  npuxo- 
fliiTCH  BHOcriTb  onpe,n,ejieHHbie  H3MeHeHHH.  Tax,  uacTO  npn  neo6xo,H,HMOCTH  BKjnoHeHiiH  b  4»i3iiHecKoe  om-icam-ie 
hobbix,  paHee  He  yuiiTbiBaeMbix  scJxJieKTOB  reojior  hjih  reoMexamiK,  oraipaacb  na  H3BecTHbie  cjrparMeHTbi  cjjii- 
sn'iecKOH  TeopHH  hjih  Ha  «3^paBbiH  CMbicji»,  caM  CTpoiiT  KOMnjieKCHyio  MO,H,ejib  6ojiee  BbicoKoro  nopa^Ka,  ueM 
npe,H,bi,ii,ymaji.  A21'111’1116  cjie,nyeT  Tpa^imiiOHiiasi  npoqe^ypa  H^eHTiicjjHKapHH  napaMeTpoB  iioboh  MO,n,ejiH  no  ,n,aH- 
hhm  4>H3HHecKHx  (reojioriiHecKHx)  SKcnepiiMeHTOB,  h  MO^ejib  roTOBa  k  npaKTiiuecKOMy  Hcnojib30BaHino.  ripn 
3tom,  o,a,HaKO,  oneBii^HO,  hto  no,H,o6HbiH  no,gxo;i,  MoaceT  npHBecTH  k  noHBjieHino  cpa3y  HecKOJibKiix  MO^ejieii  ,h,jih 
o,a,Horo  h  Toro  *e  HBjieHiiH  hjih  KOMnjieKca  HBjieHHH.  Tan,  HanpiiMep,  o6ctoht  .gejio  b  mo; te j i upo BaH h h  Miirpa- 
h,hh  Hai^KOCTeii  nepeMeniioii  njiOTHOCTii  hjih  npoqeccoB,  npoTeKaiomiix  npn  3axopoHeHiie  smepHbix  otxo,h,ob  b 
ropHbix  nopo,n,ax,  b  nacTHOCTii,  b  rjnmax.  Bo3HiiKaeT  Heo6xo,n,HMOCTb  pa3pa6oTKii  KpiiTepiia  Bbi6opa  hctiihhoh 
MO,a,ejiH  H3  HeKOToporo  KOHenHoro  MHoncecTBa  MO^ejieii  o,n,Horo  h  Toro  »ce  (J>H3HHecKoro  HBjieHira.  B  pa6oTe 
npe,n,jiaraeTCH  no,zpco^,  k  pa3pa6oTKe  TaKoro  Kpirrepna  h  o6cy»c;i,aiOTCJi  HeKOTopbie  <J)H3HHecKHe  npnjiojKeHHH 
iicnojib30BaHHH  no,n,o6Horo  KpHTepna. 


Main  Features  of  Mathematical  Modeling  of  Complex 
Geological  and  Geotechnical  Processes 

Khramchenkov  M.G. 

Chebotarev  Research  Institute  of  Mathematics  and  Mechanics  of  Kazan  State  University,  Russia 

The  new  model  of  osmotic  clay  swelling  is  proposed.  The  model  is  intended  for  mathematical  description 
of  rheological  and  transport  behavior  of  clays.  Model  is  founded  on  the  classical  methods  of  consolidation 
theory  and  chemical  osmosis  theory  in  clays.  The  main  improvement  is  concluded  in  using  of  the  new  equation 
for  dynamics  of  clay  swelling.  Model  contains  from  mass  balance  equation;  mechanical  equilibrium  equation; 
rheological  correlations;  swelling  equation.  After  solution  of  equations  we  investigated  the  features  of  our  model, 
which  are  important  for  explaining  of  hydro-mechanical  and  chemical  clay’s  behavior.  Our  model  permits  to 
analyze  a  lot  of  interesting  hydro-mechanical  situations  in  real  clay  beds. 


312 


GAMES  THEORY  AND  ITS  APPLICATIONS  IN  MANAGEMENT 


TEOPHH  Hrp  H  EE  HPHJIOPKEHHH  B  MEHERPKMEHTE 
GAMES  THEORY  AND  ITS  APPLICATIONS  IN  MANAGEMENT 


VARIATIONAL  BAYESIAN  DETERMINISTIC  ANNEALING  APPROACH 
FOR  NON-LINEAR  STOCHASTIC  DYNAMICAL  SYSTEMS: 
APPLICATION  TO  NEURAL  MASSES 

Daunizeau  J.,  Kiebel  S.E.  and  Friston  K.J. 

Wellcome  Department  of  Imaging  Neuroscience,  London,  UK 

Most  of  interesting  dynamical  systems  are  observable  only  through  a  complex  (and  possibly  non-invertible) 
transformation.  For  example,  we  do  not  observe  the  time-varying  electrophysiological  states  of  the  brain,  though 
we  can  measure  the  electrical  potential  field  it  generates  on  the  scalp  using  electroencephalography  (EEG). 

Most  of  existing  statistical  inference  methods  rely  on  a  state-space  formulation  of  the  problem,  i.e.  the 
definition  of  two  main  probability  density  functions  (pdf):  (i)  the  likelihood,  which  is  derived  from  the  observation 
model  and  statistical  assumptions  about  the  measurement  noise  and  (ii)  the  first-order  Markovian  transition 
pdf,  which  expresses  the  prior  belief  about  the  plausibility  of  any  potential  evolution  of  the  system,  knowing  its 
current  state.  The  latter  is  derived  from  the  stochastic  differential  equation  describing  the  temporal  evolution 
of  the  hidden  states.  However,  these  pdfs  may  generally  be  conditional  upon  additional  unknown  parame¬ 
ters  governing  e.g.,  the  variances  of  data  and  state  noises  and/or  the  observation  and  evolution  functions.  As 
a  consequence,  these  parameters  have  also  to  be  estimated  from  observed  data.  Thus,  the  derivation  of  the 
posterior  belief  of  hidden  states,  parameters  and  potential  stochastic  innovations  remains  an  issue. 

Variational  Bayesian  (VB)  techniques  generalizing  Kalman-Rauch  smoother  and  Expectation-Maximization 
(EM)  estimators  have  been  proposed  to  tackle  efficiently  this  dual  estimation  problem.  However,  they  still 
suffer  from  local  optima  issues  arising  from  the  non-convex  shape  of  the  free  energy  landscape  over  the  space 
of  unknown  parameters  and  hidden-states.  In  this  paper,  we  present  a  deterministic  annealing  VB  (DAVB) 
algorithm  for  deriving  the  approximate  posterior  pdf  of  hidden-state  dynamics  and  model  parameters.  In  our 
approach,  the  approximate  posterior  parameterized  by  "temperature"  is  derived  by  extending  the  free  energy 
formulation  for  variational  Bayesian  inference.  Since  this  free  energy  is  deterministically  performed  at  each 
temperature,  the  total  search  is  executed  far  more  efficiently  than  in  the  simulated  annealing.  Moreover,  the 
derived  DAVB  algorithm,  unlike  the  existing  VB  algorithm,  can  obtain  better  estimates  free  of  the  (possibly 
misleading)  initialization. 

We  demonstrate  the  performance  of  the  DAVB  algorithm  on  the  inversion  of  stochastic  neural  mass  models, 
which  describe  the  dynamical  properties  of  the  bioelectrical  activities  of  excitatory  and  inhibitory  populations 
of  neurons  in  the  brain,  in  the  context  of  the  so-called  EEG  inverse  problem. 
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A  POLICE  VERSUS  CRIMINAL  GAME 
Garnaev  A.Y. 

Saint  Petersburg  State  University,  Russia 

In  this  paper  a  generalization  of  the  scenario  modeling  a  police  versus  criminal  conflict  suggested  by  Sakaguchi 
("A  non-zero-sum  repeated  game  —  criminal  vs  police".  Mathematica  Japonica  Vol.  48,  1998,  p.  427-436)  for 
the  case  where  there  are  a  few  police  squads  are  investigated.  Namely,  we  consider  a  conflict  between  a  law- 
enforcement  (Player  I)  and  a  potential  criminal  offender  (Player  II).  The  model  is  a  non-zero-sum  n-period  game 
with  perfect  information  where  each  player  has  to  act  at  most  a  permitted  times  during  n  periods.  There  are 
two  pure  strategies  available  in  each  period  to  player  I:  commit  a  crime  and  to  act  honestly.  Player  I  two  has  in 
his  disposition  two  squads  and  he  has  four  strategies:  to  enforce  the  law  by  the  first  squad,  to  enforce  the  law 
by  the  second  squad,  to  enforce  the  law  by  both  squads  or  to  do  nothing.  If  player  II  chooses  to  act  honestly 
he  earns  his  legal  income  r  >  0.  If  he  chooses  to  commit  a  crime  an  illegal  income  in  amount  17  >  0  in  addition 
to  his  legal  income  r  may  be  earned.  However  if  the  illegal  action  of  the  Player  II  is  detected,  he  is  arrested 
until  the  end  of  the  game  and  has  to  pay  a  fine  in  amount  of  /  >  0.  When  the  player  is  arrested  he  earns  no 
income  at  all.  If  Player  I  chooses  the  i-tli  squad  to  enforce  the  law  he  can  catch  Player  I  with  probability  pi 
and  the  cost  of  this  enforcement  is  Ci  where  i  =  1,2.  If  Player  I  chooses  both  squads  to  enforce  the  law  he  can 
catch  Player  II  with  probability  p$  and  the  cost  of  this  enforcement  is  C3.  Without  loss  of  generalization  we 
can  assume  that  P2  >  Pi-  It  is  reasonable  to  assume  that  P3  >  P2  >  pi-  It  is  also  reasonable  assume  that  more 
effective  squad  costs  more  and  using  two  squads  is  more  effective  than  just  one  but  it  is  more  expensive.  Thus, 
C3  >  C2  >  Ci.  In  case  that  Player  II  commits  crime  that  goes  no  unpunished,  a  lost  L  is  inflicted  upon  society. 
So,  the  scenario  is  modeled  by  the  n-period  bimatrix  game.  The  optimal  strategies  of  the  players  are  found  as 
well  as  the  corresponding  payoffs. 


DIFFUSION-BASED  GEOMETRIC  PRIORS  FOR  IMAGING 
Harrison  L.M.  Friston  K.J. 

Wellcome  Trust  Centre  for  Neuroimaging,  University  College  London 

We  describe  a  Bayesian  scheme  to  analyze  images,  which  uses  spatial  priors  encoded  by  a  diffusion  kernel.  The 
application  in  mind  is  a  general  spatiotemporal  model  for  imaging  data  analysis.  This  is  an  example  of  a  Gaussian 
process  model  (MacKay,  1998).  We  illustrate  the  method  by  performing  a  random-effects  analysis  of  contrast 
images  from  multiple  subjects.  Typically,  imaging  data  are  smoothed  using  a  fixed  Gaussian  kernel  as  a  pre¬ 
processing  step  before  entering  a  mass-univariate  statistical  model  (e.g.,  a  general  linear  model)  to  provide  images 
of  parameter  estimates  (Friston  et  al.,  2006).  An  alternative  is  to  include  smoothing  in  a  multivariate  statistical 
model  (Penny  et  al.,  2005).  The  advantage  of  the  latter  is  that  each  parameter  field  is  smoothed  automatically, 
according  to  a  measure  of  uncertainty  given  the  data.  We  investigate  the  use  of  diffusion  kernels  to  encode 
spatial  correlations  among  parameter  estimates.  Nonlinear  diffusion  has  a  long  history  in  image  processing.  In 
particular,  flows  that  depend  on  the  local  image  geometry  can  be  used  as  adaptive  filters  (Olver  et  al.,  1997).  This 
can  furnish  a  non-stationary  smoothing  process  that  preserves  features,  which  would  otherwise  be  lost  using  a 
fixed  Gaussian  kernel.  We  describe  a  Bayesian  framework  that  incorporates  non-stationary  adaptive  smoothing 
into  the  generative  model  to  extract  spatial  features  in  parameter  estimates.  Bayesian  model  comparison  is  then 
used  to  determine  the  evidence  for  non-stationary  verses  stationary  spatial  priors  given  functional  imaging  data. 
We  illustrate  the  method  using  synthetic  and  real  functional  Magnetic  Resonance  Imaging  (fMRI)  data. 

Keywords 

adaptive  Bayesian  smoothing,  Gaussian  process  priors,  covariance  function,  Green’s  function,  non-stationary 
covariance,  differential  geometry,  geometric-heat  equation,  Laplace-Beltrami  operator,  weighted  graph  Laplacian, 
eigensystem,  matrix  exponential,  diffusion  kernel,  hierarchical  spatiotemporal  model,  Kronecker  product  space, 
Fisher-scoring,  fMRI,  general  linear  model,  posterior  probability  map,  model  comparison 
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ON  THE  JOINT  CONTROL  OF  ASSETS  UNDER  UNCERTAINTY 

Vavilov  S.A.,  Ermolenko  K.Yu. 

Saint  Petersburg  State  University,  School  of  Management,  Russia, 

Saint  Petersburg  State  University,  Faculty  of  Economics,  Russia 

In  the  present  work  the  management  of  portfolio  containing  an  arbitrary  finite  number  of  types  of  assets  is 
studied.  The  management  of  portfolio  is  realized  within  the  framework  of  an  approach  alternative  to  self¬ 
financing  strategy.  It  implies  the  possibility  to  invest  additional  money  resources  from  outside  during  the  whole 
period  of  portfolio  management.  Moreover  the  release  of  cash  as  a  result  of  trading  allows  its  reinvestment  to 
acquire  new  required  assets.  The  case  of  the  pointed  out  control  when  portfolio  contains  only  one  type  of  assets 
was  studied  in  a  number  of  publications  [1] — [5] . 

The  main  result  deals  with  theoretically  proved  and  experimentally  confirmed  multiplicative  phenomenon. 
It  means  that  the  increasing  of  the  types  of  assets  included  in  the  portfolio  brings  to  the  essential  growth  of 
profit  in  the  combined  portfolio  containing  several  types  of  assets  in  comparison  with  a  number  of  independently 
managed  portfolios  each  containing  only  one  type  of  assets. 

The  prices  of  the  assets  included  in  the  portfolio  follow  the  stochastic  differential  equations 

dXti  —  CtiXfodt  T  (TtiXtidWti , 

where  a  a  are  factors  of  volatility,  Wu  are  independent  standard  Wiener  processes,  i  =  1, _ ,  n.  The  portfolio 

value  is  defined  by  the  parity 

n 

ft  =  ^auXu  +  mt, 

i= 1 

where  ati  is  the  number  of  i-type  assets,  mt  =  m(t,  tv)  is  a  measurable  random  function  responding  to  some 
money  equivalent.  Namely  the  value  of  function  mt  taken  with  minus  is  the  difference  between  the  value  of 
assets  as  the  result  of  effected  trading  and  the  cash  which  has  been  spent  to  acquire  them. 

The  situation  when  a  long  position  with  respect  to  the  each  type  of  assets  included  in  the  portfolio  is  taken 
into  account,  i.e.  aa  >  0. 

The  trading  strategy  is  introduced  by  making  use  of  the  relationship 

n 

dft  —  f  '  Uti.dXti  l(t,  Xt\,  .  .  .  ,  Xtn)dt. 
i=l 

The  problem  inquest  is  to  construct  the  control  function  l{t,  Xu,  ■  ■  ■ ,  Xtn )  providing,  under  certain  conditions, 
the  portfolio  profitableness  on  the  given  time  interval  [0,T].  The  profit  pt  corresponding  to  the  observed  values 
of  prices  is  defined  by  the  parity 

l(t,xt  i, . .  .,xtn)dr, 

where  ft  is  the  portfolio  value  for  the  observed  values  of  prices  while  the  integral  on  the  right  hand  side  of  the 
last  parity  is  the  total  amount  of  the  cash  invested  and  processed  by  the  control  system  at  the  moment  t.  The 
portfolio  profitableness  on  the  time  interval  [0,T]  implies  the  validity  of  the  inequality  pr  >  0. 

In  the  present  study  the  formulas  to  calculate  the  required  number  of  assets  da  to  provide,  under  the 
fulfillment  of  certain  conditions,  the  required  profitableness  of  the  portfolio  were  derived.  The  respective  relation¬ 
ship  for  Pt  was  obtained.  The  comparison  of  the  latter  one  with  the  corresponding  formulas  to  calculate  profit 
for  independently  managed  portfolios  each  containing  only  one  type  of  assets  has  resulted  in  the  above  stated 
conclusions. 
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AHAJIHTHHECKHH  METOA  PEIHEHH5I  CIIEIJHAJIbHOH  3A^AHH 
JTHHEHHOrO  nPOrPAMMHPOBAHHa 

AKHMOBa  A.H. 

CaHKm-IJemep6yp2CKUu  PocydapcmeenHuu  ynueepcumem,  Poccuh 

Mo^ejiiipoBaHiie  copnajiBHO-aKOHOMiiuecKiix  npopeccoB  uacTO  omipaeTCH  Ha  Teopiuo  i-irp.  Bo  mhoitix  MO,a,e- 
jihx  pememie  ctpohtch  corjiacHO  toii  hjih  hhoh  nrpoBoft  KOHpenpini  penieHiia,  o^,hoii  H3  kotopbix  b  Teopiiii 
KOonepaTiiBHBix  imp  c  TpaHC<t>epa6ejiBHBiMii  nojie3HOCTHMii  impoKOB  (TII-Hrp)  HBjiHeTCH  6ojiBmoe  SC-impo  (b 
nacTHOCTii,  SC-jpipo).  IIo  onpe^ejieHiuo  6ojiBmoro  SC-jpipa  .zpra  ero  nocTpoeHira  Heo6xo,n,HMO  Haft™  MHOxcecTBO 
onTHMajiBHBix  pemeHiift  3a,n,aHH  jnmeftHoro  nporpaMMiipoBaHiisi  (3Jin)  cnepnajiBHoro  Bima,  KOTopoe  jmjuieTCH 
ocHOBaHrieM  6ojiBmoro  SC-jpipa: 

min  ^ 

i€N 

V5  C  N,  S^0,N. 
ies 

Ajih  HricjieHHoro  pemeHiia  3a,n,aH  Taxoro  Tima  o6bihho  iicnojiB3yeTCH  ciiMnjieKC-MeTO,n,.  O/ipaKO  ciiMnjieKC- 
MeTO,n  npn  ero  o,n,HOKpaTHOM  npiiMeHemiii  ,n,aeT  e,n,HHCTBeHHBift  onTiiMajiBHBift  Bercrop,  a  MHoroKpamoe  npn- 
MeHeHne  CHMnjieKC-MeTO^a  hpubo^ht  k  MHO»cecTBy  OT,n,ejiBHBix  on™MajiBHBix  BeKTopoB.  Cjie^OBaTejiBHO,  b 
cjiyuae  He  e^iiHCTBeiniocTii  onTiiMajiBHoro  pemeHira  salami  jiHHeftHoro  nporpaMMiipoBaHira  npn  ncnojiB30Ba- 
hhh  CHMnjieKC-MeTO^a  neB03MO>KHO  nojiHOCTBio  onpe,H,ejiHTB  ,n,aHHoe  pernem-ie.  KpoMe  Toro,  pjisi  ^ajiBHeftiniix 
HCCJie^OBaHiift  CBoftcTB  6ojiBmoro  SC-5mpa  npe^CTaBjiaeT  iiHTepec  3a,n,aHa  HaxoxygeHiisi  Bcex  TeopeTiiHecKii  bo3- 
moikhbix  MHO»cecTB  onTHMajiBHBix  pemeHiift  paccMaTpiiBaeMoft  3a,a,aHH  b  3aBHCHMOCTH  ot  3HaHeHi-ift  xapaKTepii- 
CTHnecKoft  <J>yHKH,HH.  Ha  ocHOBe  reoMeTpi-inecKoft  iiHTepnpeTapiiii  salami  jnmeftHoro  nporpaMMiipoBaHira  i-i  ee 
onTHMajiBHoro  pemeHiia  o6ocHOBaH  aHajnmiHecKiift  MeTO,n,  pemeHiia  .gaHHoft  3JTH,  b  pe3yjiBTaTe  npiiMeHeHim 
KOToporo  BBiHiicjiaeTCH  onTHMajiBHoe  3HaueHiie  pejieBoft  cjjyHKpiiH  h  Haxo^HTCH  cucTeMa  ypaBHemift  h  Hepa- 
BeHCTB,  omiCBiBaiomaH  MHOncecTBO  onTHMajiBHBix  pemeHiift  aa/taun.  npe,a,jio>KeHHBift  MeTO,n,  pemaeT  h  6ojiee 
cjioiKHyio  npo6jieMy  onpe^ejieHiisi  Bcex  TeopeTHnecKii  bo3mojkhbix  MHoncecTB  onTHMajiBHBix  pemeHiift  paccMaT- 
piiBaeMoft  3  Jin  npn  npoii3BOJiBHOM  m-icjie  nrpoKOB  n  >  3. 

noMiiMO  nocTpoeHim  6ojii>moro  SC-jpipa,  stot  MeTO,n,  mojkho  ncnojiB30BaTB  h  ^jih  Haxo>Kyi,eHiDi  /ipyrnix 
CBH3aHHBix  c  ,H,aHHoft  salami  jnmeftHoro  nporpaMMiipoBaHiiH  pemeHiift  Tn-KOonepaTiiBHBix  nrp,  HanpiiMep, 
HaiiMeHBHiero  C-H,n,pa,  N-jpipa.  B  KauecTBe  ^eMOHCTpapnn  MeTO,n,a  paccMOTpeH  uncjieHHBift  npiiMep  nocTpoemra 
6ojiBmoro  SC-5mpa,  HaiiMeHBmero  C-5mpa  h  N-smpa  b  nrpe  c  ueTBipBMH  iirpoKaMii. 


Analytic  Solution  for  a  Special  Linear  Programming  Problem 

Akimova  A.N. 

Saint  Petersburg  State  University,  Russia 

The  problem  of  finding  the  solution  concept  for  cooperative  games  with  transferable  utilities,  called  "grand 
subcore" ,  is  considered.  The  base  of  grand  subcore  is  a  special  subset  of  the  set  of  optimal  solutions  for  a 
corresponding  linear  programming  problem  (LPP).  To  solve  numerically  any  LPP  the  simplex-method  is  com¬ 
monly  used.  But  in  our  case,  a  new  analytic  method  for  the  solution  is  proposed. 
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CTPYKTYPA  COECTBEHHOrO  KAIIHTAJTA  H  YCTOHHHBOCTb 
BH3HECA:  nOHCK  PABHOBECHH  H  CTPATErHH  YIIPABJIEHHH 

BaKyjies  A.B.,  Ockojikob  H.B. 

CaHKm-nemep6ypzcKuu  docydapcmeennuu  ynueepcumem, 

Buciuaa  wkoao,  MenedotcMenma,  Poccuh 

Bojibiuiihctbo  cymecTByiomiix  Teopiiii  noBepeHira  cjrupMBi  ochob&hbi  Ha  hcjibhoh  npepnocBuiKe  o  tom,  hto  cjrup- 
Ma  nojiHOCTBK)  BjiapeeT  aKTHBaMH,  coapatoiriHMH  ee  permocTB.  CjiepyH  TepMiiHOjioriiii  JI.  3iiHrajieca,  KOMnaHHH 
npiiMeHneT  no  OTHomemiio  k  cboiim  aKTimaM  tslk  HasBmaeMBie  «Tpap,Hii,HOHHBie  npaBa».  BMecTe  c  TeM,  opHOii 
H3  cymecTBeHHBix  TeHpeHpuii  nocjiepmix  jieT  HBjineTCH  ycruieHiie  pojin,  KOTopyro  b  co3,n,aHHH  peHHOCTii  (fupM 
nrpaiOT  HeMaTepnajiBHBie  aKTHBBi,  cpepri  KOTopnix  cjiepyeT  otmcthtb  He  tojibko  6peH,n,,  3anaTeHTOBaHHBie  Tex- 
hojiothh  h  npopy  ktbi ,  ho  TaKxce  h  aKTHBBi,  npiiHa,n,jie>Kaiii,He  HHflHBHflyyMy,  He  nepeBopiiMBie  6ajiaHC  KOMnaHHH 
(nepCOIIIIcj3HH,HpOBaHHBie  aKTHBBi).  B  4»ipMaX  C  BBICOKOH  pOJIBIO  nepCOHIl4HIH,IipOBaHHBIX  aKTIIBOB  nOTepH  Ofl- 
hoto  H3  ynacTHHKOB  6ii3Heca  riepepKO  npiiBopiiT  opHOBpeMeririo  h  k  noTepe  6ii3Hec  —  o6pa3yioiii,ero  aKTHBa, 
Bepyipeii  k  3HaHi-iTejiBHOMy  chh/kchhio  bypyiipix  poxopoB  ii,  cjiepoBaTejiBHO,  peHHOCTii  6ii3Heca.  TaKiiM  o6pa30M, 
3aBHCI'IMOCTB  H,eHHOCTH  6lI3HeCa  OT  nepCOHH(J)HH,HpOBaHHBIX  aKTIIBOB  He  MOJKeT  He  CKaSBIBaTBCH  Ha  CneH,H(J)HKe 
KopnopaTHBHoro  ynpaBjiemiH.  Bo3HiiKaeT  npo6jieMa  noiiCKa  6ajiaHca  iiHTepecoB  yuacTHiiKOB  KOMnaHHH ,  to  ecTB 
TaKOii  CTpyKTypBi  co6cTBeHHoro  KaraiTajia,  npn  KOTopoii  hh  y  koto  113  co6cTBeHHiiKOB  —  BjiapejinpeB  nepco- 
HH(J)HH,HpOBaHHBIX  aKTIIBOB  HeT  CTIIMyjIOB  BBIHTH  H3  6lI3HeCa  H,  CJiepOBaTejIBHO,  JIHIHIITB  KOMHaHHIO  OpHOTO  H3 
6ii3Hec  —  o6pa3yroiii,Hx  aKTiiBOB. 

B  npe^jiaraeMOM  poKjiape  npepcTaBjieHBi  pe3yjiBTaTBi  nocTpoemiH  pupa  pecKpiinTiiBHBix  MaTeMaTiinecKiix 
Mopejieii,  oniiCBiBaiomux  cnepucjuiKy  ynpaBjieHHH  CTpyKTypoii  co6cTBeHHoro  KaniiTajia  b  KOMnaHiinx  c  bbicokoh 
pojieii  nepcoHii4»miipoBaHHBix  aKTiiBOB,  b  ocHOBe  kotopbix  jieiKHT  HfleojiorHH  paBHOBeciin  no  Harny  b  6ecKoa- 
jihh,hohhoh  nrpe.  AHajiii3iipyeTCH  peHTejiBHOCTB  BeHnypHoii  KOMnaHHH,  b  paboTe  KOTopoii  3aiiHTepecoBaHBi  pBe 
rpynnBi  ynacTHiiKOB :  HHcaftpepBi,  hjih  MeHepncepBi  —  1 1  pep  1 1  p  u  h  n m arre j i h ,  o6jiapaiOHi,He  nepcoHHcj)Hii,HpoBaHHBi- 
mh  aKTHBaMH,  h  ayTcaiipepBi,  o6ecneniiBaiOHi,He  cjumaHCiipoBaHiie.  II e p c o h n (|i h p h p o b a h h b t e  aKTHBBi  MeHepnce- 
poB  no3BOJuiiOT  nojiymiTB  poxop  CBBirne  Tpe6yeMBix  3aTpaT  na  BjioxceHHBiH  b  npoeKT  KaniiTaji. 

IIpepjiaraeTCJi  paccMOTpeTB  6ecKoajiiiH,iiOHHyio  nrpy  cjiepyiomero  Biipa.  fpisi  Kancporo  yuacTHiiKa  6ii3Heca 
(MeHep»cepa,  ayTcaiipepa)  onpepejieHa  ero  pojih  co6cTBeHHOCTii  KOMnaHHH.  ItrpoKii  MoryT  peajni30BBiBaTB  ppe 
CTpaTemH  npn  3apaHHoii  pone  aKpuii:  ocTaTBCH  b  6ii3Hece  hjih  bbihtii  113  Hero.  Ecjih  iirpoKii  pemaiOT  ocTaTBCH  b 
6ii3Hece,  to  BBiurpBiineM  Kancporo  mojkho  cmiTaTB  peHHOCTB  ero  ponii  npaB  co6cTBeHHOCTii  b  KOMnaHHH  b  KOHpe 
nepnopa.  B  cjiyuae  ecjin  xoth  6bi  opim  nrpoK  BBi6epeT  CTpaTerino  «bbihth  h3  6ii3Heca»,  BBiiirpBim  Kancporo  6y- 
peT  onpepejiHTBCH  cyMMofi  peiraocTii  nepcoHH(])HniipoBaHHBix  aKTiiBOB  nrpoKa  BHe  6ii3Heca  h  uchhocth  ero  ponii 
b  «o6ecKpoBjieHHoii»  KOMnaHHH.  PaBHOBecHoii  CTpyKTypoii  npaB  co6cTBeHHOCTii  hbjihctch  cooTHomeiiiie  pojieii, 
MOTiiBiipyiomee  nrpoKOB  KaK  papiiOHajiBHBix  3kohomh'I6Ckhx  areHTOB  ocTaTBCH  b  6ii3Hece  h,  opHOBpeMeHHO, 
npepcTaBjunorpee  co6oii  paBHOBecne  no  Harny. 

AHajiii3  nocTpoeHHBix  Mopeneii,  b  nacTHOCTii,  noKa3aji,  hto  ecjin  6jiarococTOHHiie  MeHepscepa  cyipecTBeimo 
3aBHCHT  ot  peajiH3an,HH  npoeKTa,  npn  yBejiHueHHH  peHHOCTii  nepcoHH<J)HH,HpoBaHHoro  aKTHBa  pojih  MeHepncepa 
b  KOMnaHHH  MonceT  6bitb  yMeHBHieHa.  IIpn  yBejiHueHHH  pojni  HHBecTHpHH  BHeniHero  aKipiOHepa  cnepyeT  yBe- 
jihhhtb  ero  pomo  b  npoeKTe,  ho  c  MeHBHieii  nponoppueii.  HeM  6ojiBme  MeHepncep  TepaeT  b  CBoeii  pbihohhoh 
3apnjiaTe  npn  nepexope  b  co3paBaeMBiii  c  Hyjia  6ii3Hec,  TeM  6ojiBmaH  pojia  co6cTBeHHOCTii  eMy  Heo6xopiiMa. 

AHajiii3iipoBajiacB  Taxme  ciiTyapiia,  Korpa  BKjiap  MeHepncepa  —  npepnpiiiiiiMaTejiH  b  periHOCTB  6ii3Heca  b 
npopecce  ero  pa3BHTHH  3HaHiiTejiBHO  ii3MeHHeTCH.  Jpnsi  cooTBeTCTByrorpiix  ycjiOBiiii  6Buia  npepjioiKeHa  Kjiaccu- 
<J)HKan,HH  B03M0JKHBIX  CH,eHapiieB  pa3BHTHH  6lI3HeCa  B  3aBHCHMOCTH  OT  H3MeHeHHH  Tpe60BaHHH  K  pOnyCTHMOli 
pojie  ynacTHiiKOB  6ii3Heca  c  tohkh  3peHiiH  coxpaHeHHH  paBHOBecHoii  CTpyKTypBi  npaB  coSctbchhocth. 


Structure  of  Own  Capital  and  Business  Stability:  Searching 
for  Equilibrium  and  Management  Strategy 

Bakulev  A.V.,  Oskolkov  I.V. 

Saint  Petersburg  State  University,  School  of  Management,  Russia 


Several  descriptive  mathematical  models  of  the  own  capital  structure  management  are  presented.  Models  are 
based  on  the  Nash  equilibrium  concept  in  a  non-coalitional  game. 
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MATEMATHHECKA5I  MO^EJIb  YIIPABJIEHM  MATEPHAJIbHbIMH 
3AnACAMH  B  CJIYHAE  PbIHOHHOH  KOHKYPEHIJHH 

TacpaTOB  M.T.,  3axapoB  B.B. 

CaHKm-nemep6ypscKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

B  pa6oTe  paccMaTpiiBaeTca  nrpoBaa  3a,n,aHa  ynpaBjiemia  MaTepiiajiBHBiMi-i  3anacaMH,  KOiyja  Ha  pbiHKe  cyipecTBy- 
iot  HecKOJiBKO  (J)iipM  (npe^npHsmiH) ,  nocTaBjiHiomiix  noKynaTejiaM  3aMem,aeMBie  TOBapni.  Ilpe^nojiaraeTCH,  hto 
HMeeT  MecTO  /  tHtJxjjepeHUHanHH  TOBapa  h  cnpoc  Ha  Hero  HBjiaeTca  cjiyuaimoft  BejiHHHHoii. 

3a^,aua  pemaeTca  Ha  ,n,Byx  ypoBHax.  Ha  nepBOM  ypoBHe  pemaeTca  BHyTpeHHaa  HeurpoBaa  3a,n,aHa,  a  na 
BTopoM  —  BHeiHHHH  nrpoBaa  3a,n,aHa. 

BHyTpeHHaa  3a,a,aHa  —  sto  3a^,aua  ohthmh3 an,HH  cooTBeTCTByiomiix  jiorncTHHecKHx  npopeccoB  Ha  ocHOBe 
pejiaKcapiioiiHoro  MeTO,a,a  peryaiipoBaHiia  3anacoB  (cucTeMa  peryni-ipoBaHiia  3anacoB  c  cjniKCHpoBaHHBiM  pa3Me- 
poM  3aKa3a).  3,n,ecB  no,n,  jiori-iCTHHecKHMH  npopeccaMii  no,a,pa3yMeBaiOTca  npopeccni  (fjopMupoBaHiia  h  xpaHemia 
MaTepnaaBHBix  3anacoB,  npoqeccBi  yperyaiipoBaHiia  B03MO>KHoro  ^ecjumiiTa  TOBapa. 

BHemHHH  3a,a,aHa  —  sto  3a,a,aHa  MO^eanpoBaHiia  ojiiironojiHCTHuecKoro  noBe^eHiia  kbk  6ecKoajiHH,HOHHoii  iir- 
pBi,  b  KOTopoil  Ka>K,a,oe  npe^npiismie  npecjie,nyeT  cboi-i  co6cTBeHHBie  HHTepecBi.  B  TaKoii  i-irpe  b  KauecTBe  npim- 
pima  onTHMajiBHOCTH  paccMaTpiiBaeTca  paBHOBecne  no  Hsrny.  CcjDopMyaiipoBaHBi  Heo6xo,a,HMBie  h  ,n,ocTaTOHHBie 
ycjiOBiia  cymecTBOBamia  paBHOBecua  no  Hsrny.  ,Z],aHbI  <f>°PMyjIbI  /Vla  onpe^ejieHiia  onTHMajiBHBix  CTpaTeriiri 
ynpaBjieHiia  b  jiorHCTHuecKHx  npoqeccax  (pernem-ie  BHyTpeimeii  salami). 

PaccMOTpeHa  3aBHCHMOCTB  onTHMajiBHBix  CTpaTennl  ot  napaMeTpoB  3a^,auH. 

JlHTepaTypa 

[1]  M.H.  TpuropbeB,  A. II.  HOJlrOB)  C.A.  YBapoB.  YnpaBjieHiie  3anacaMH  b  jioraiCTHKe.  CI16.:  2006.-368  c. 

[2]  JlorncTHKa:  YaeGmiK/  Ilofl  peflaKpiieii  B.A.  AHiiKiraa:  3-c  H3fl.  -  M.:  HHOPA-M,  2005.  -  368  c. 

[3]  THkoh  Hlpaiibcfieflep.  34>4>eKTHBHoe  ynpaBjieHHe  3anacaMH.  H3 ,n,.:  Ajibnima  BroHec  ByKC,  2006  r.,  304  c. 

[4]  K).  H.  Pbijkhkob.  Teopus  oaepefleii  11  ynpaBjieHHe  3anacaMH.  Cepua:  Yae6HHK  /pin  By30B.  H3,a,.:  ITiiTep,  2001  r., 
384  c. 

[5]  P.  A.  PafliiOHOB,  A.  P.  PaflHOHOB.  YnpaBjieHiie  c6bitobbimii  3anacaMH  h  o6opothbimh  cpeflCTBaMH  npe^npuaTHa.  II3 ,n,.: 
,ZI,ejio  n  CepBHC,  1999  r.,  400  CTp. 

[6]  JlaHflepc  M.P.,  OiipoH  X.E.  YnpaBjieHiie  CHaOnceHiieM  11  3anacaMH.  JIoniCTHKa/Ilep.  c  aHrji.  CII6.:  IlojiHroH,  1999. 
768  c. 

[7]  TKaH  Tupojib.  Pbihkii  ii  pbiHOHHaa  BjiacTt:  Teopua  opraHmaipiii  npoMbinuieHHOCTH:  B  2-x  TOMax.  Hs/c  2-e  ncnpaB- 
jieHiie  /  IlepeBOfl  c  aHrji.  ncyi  peflaKpueii  B.M.  rajibnepiiHa  h  H.A.  3eHKeBHua.  CI16.:  3KOHOMHnecKaa  niKOjia,  2000. 
T.2.-450  c. 

[8]  H.K.  MonceeBa,  A.H.  KjieBjniH,  H.A.  Bbikob.  YnpaBjieHHe  npoflaacaMH  b  ycjiOBiiax  KOHKypeHH,iiii.  H3fl.  OMera-JI, 
2006.  306  c. 

[9]  JT.A.  neTpocHH,  H.A.  3eHKeBiiu,  E.A.  CeMHHa.  Teopua  nrp.  M.:  Bbicraaa  niKOjia,  Khhjkhbih  aom  "YHiiBepcnTeT" 
1998.-304  c. 


Mathematical  Model  of  Material  Supply  Chain  Management 
in  Case  of  Market  Competition 
Gasratov  M.G.,  Zakharov  V.V. 

Saint  Petersburg  State  University,  Russia 

The  mathematical  model  of  material  Supply  Chain  Management  in  case  of  market  competition  between  several 
enterprises  was  considered.  Enterprises  are  manufacturing  or  supplying  differentiable  commodity  on  market  with 
casual  demand. 

The  problem  at  two  levels  (inside  non-gaming  problem,  outside  gaming  problem)  are  solved.  Necessary  and 
sufficient  condition  of  existence  of  equilibrium  situations  is  obtained.  Equilibrium  strategics  are  found.  Formulas 
for  determination  of  optimal  strategies  of  control  in  logistic  processes  are  given. 
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TEOPETHKO-HTPOBOE  MO,ZJEJIHPOBAHHE  CTPATEBIMECKOrO 
ncnojib30BAHna  « uh c  a  ftjtep ckoft »  nHooPMAu;nn 
HA  MHAHCOBbIX  PbIHKAX 

floMaHCKHH  B.K.,  Kpenc  B.JT. 

CII9 MM  PAH,  Poccuh 

Mbi  HCCJie,n,yeM  MO^ejiH  MHoromaroBbix  6np»ceBbix  ToproB  c  ,n,ByMH  yuacTHiiKaMii  c  acHMMeTpHHHoft  imcjjopMapi-i- 
efi  3a  piiCKOBbie  peHHbie  6yMan-i  (aKnnn) .  nepe,n,  HauajiOM  ToproB  cjiyuaimbiH  xo,a,  Bbi6npaeT  jniKBimauyiOHHyio 
peHy  aKpHH  b  cooTBeTCTBiiii  c  H3BecTHbiM  06011M  nrpoKaM  BeposiTHOCTHbiM  pacnpe^ejiemieM.  Bbi6op  cjiyuan 
coo6iu,aeTCH  Hrpoicy  1  h  He  coo6m,aeTCH  Hrpoicy  2.  3aTeM,  Ha  Ranc^OM  mare  ToproB  nrpoKH  o^HOBpeMenno 
Ha3BiBaiOT  cboio  qeHy  aKpi-ni.  HasBaBimiii  6ojiee  Bbicoicyio  qeHy  noxynaeT  3a  9Ty  peHy  o^Hy  aKip-no  y  npoTiiB- 
HHKa.  HrpoKii  CTpeMHTCH  MaKCHMH3iipoBaTB  qeHy  CBoero  HToroBoro  nopTc^ejm  (^eHbrn  njnoc  jiHKBimapiiOHHaH 
peHa  aKH,Hfi).  CjiyuaimaH  jiHKBimapHOHHaji  peHa  ampm  MOuceT  npimiiMaTb  npoH3BOJiBHbie  HeoTpupaTejiBHbie 
pejiOHiicjieHHbie  3HaHeHiiH  corjiacHO  sapaHHOMy  pacnpepejieHino  p.  /fonycTHMbr  jno6bie  pejiOHiicjieHHbie  CTaBKii. 

Taxaa  n-maroBaa  MopejiB  omicbiBaeTCH  aHTaroHiiCTHHecKoii  noBTopsnomeiicji  iirpoli  Gn  ( p)  c  HenojiHoii  iih- 
cjjopMapiieH  y  BToporo  nrpoica,  3apaBaeMOi"i  chcthbim  hiicjiom  6ecKOHeHHbix  MaTpup.  ,Hjra  nocTpoeHHbix  nrp 
G„  (p)  nojiyHeHbi  cjiepyrorpiie  pe3yjiBTaTbi: 

1)  Ecjih  cjiyHaiiHaH  BejiiiHima  C,  3a,paioiu,aH  jniKBimauyiOHHyio  peHy  ampin  He  npiiHapjiejKiiT  L2(C)  (BTopoii 
MOMeHT  pacnpepejieHHH  p  6ecKOHeHeH),  to  nocjiepoBaTejibHOCTb  3HaHeHiiH  n-maroBbix  imp  pacxopiiTCH. 

2)  Ecjih  C  £  L2,  to  iipn  n  — ■»  00,  nocjiepoBaTejibHOCTb  3HaHeHiiii  n-maroBbix  Hi  p  Vn ( p)  cxophtch  k  3HaHeHino 
Voo(p)  iirpbi  Goo{p)  c  6ecKOHeHHbiM  hiicjiom  maroB.  9to  -  KycouHO-jniHeimaH  HenpepbiBHaa  BorHyTan  <J>yHKipiH 
ot  p.  Ee  o6jiacTii  jniHeimocTii  D(k )  coctoht  113  pacnpepejieHHii,  pjin  KOTopbix  MaTeMaTiiuecicoe  onci-mamie  E[C\ 
peHbi  ampin  naxopiiTCH  b  HHTepB ajie  [ k ,  fc  +  1].  OnTiiMajibHan  CTpaTerim  Hrpoica  1  pjin  iirpbi  Goo(p)  noponcpaeT 
ciiMMeTpiiHHoe  cjiyuaimoe  GjiyncpaHiie  ero  CTaBOK  c  norjioipaiOHpiM  mhohccctbom  {p:  pk+i  =  1  —  Pfc}-  3HaHemie 
iirpbi  paBHO  npopojiHCHTejibHOCTii  3Toro  cjiyuaimoro  6jiy»cpaHH5i  po  MOMeHTa  norjioipeHira. 

PaccMOTpeHHbie  paHee  iirpbi  [1],  [2],  [3]  c  pByMH  B03MO>KHbiMH  3Ha'ieHHHMii  0  h  1  peHbi  ampin  h  c  ponycTii- 
MbiMii  CTaBKaMii  k/m ,  k  =  0, , . . ,  m  —  1,  cbophtch  k  onucaHHbiM  nrpaM  c  pacnpepejiernieM  p,  HMeionpiM  pBe 
HeHyjieBbie  KOMnoHeHTbi  po  =  1  —  p,  pm  =  P  h  npn  OT6pacbiBaHiiii ; i;o m h h h pye m m x  CTpaTernii. 

PaboTa  BbinojiHsuiacb  npn  noppepncice  rpaHTa  POOH  04-06-80430. 

JlmepaTypa 

[1]  J^omcihckeh  B.K.,  Kpenc  B.JI.  noBTopmoipnecn  iirpbi  c  acHMMeTpuHHoit  HH4>opMan,Heii  11  cjiynaiiHBie  6jiy:acpaHHn 
u,eH  Ha  4>HHaHcoBbix  pbiHKax.  -  06o3peHiie  npincjiapHon  h  npoMbimjieHHOH  MaTeMaTiiKH,  2005,  t.12,  b.4,  c. 950-952. 

[2]  De  Meyer  B.,  Marino  A.  Continous  versus  discrete  market  game.  Cowles  Foundation  Discussion  Paper  No  1535,  2005. 

[3]  Domansky  V,  Kreps  V.  On  strategic  background  of  random  price  fluctuations  at  financial  markets.  -  IlpenpHHT 
nOMH  mm.  B.A.OreKjioBa  PAH,  2006,  01/2006. 


Game  Theoretic  Model  for  Strategic  Use  of  Insiders’  Information 

on  Financial  Markets 

Domansky  V.K.,  Kreps  V.L. 

St. Petersburg  Institute  for  Economics  and  Mathematics,  RAS,  Russia 

We  investigate  a  model  of  multistage  biddings  between  two  agents  with  asymmetric  information  for  risky  assets 
(shares).  Before  the  biddings  start,  a  chance  move  determines  the  integer  liquidation  price  of  a  share  according 
to  the  probability  distribution  known  to  both  players.  Player  1  is  an  insider.  Any  integer  bids  are  admissible. 
This  multistage  model  is  described  by  a  zero-sum  repeated  game  with  incomplete  information  of  Player  2  and 
with  countable  state  and  action  spaces.  If  the  random  variable,  determining  the  liquidation  price  of  a  share 
belongs  to  then  the  game  with  infinite  number  of  steps  is  correctly  defined.  We  get  solution  of  this  game  and 
demonstrate  that  the  optimal  strategy  of  Player  1  generates  a  symmetric  random  walk  of  bids.  The  value  of  the 
game  is  equal  to  the  expected  duration  of  this  random  walk  before  absorption. 


TEOPHH  HPP  H  EE  nPHJIOMEHHB  B  MEHEJJMMEHTE 


319 


TEOPETHKO-nrPOBA5I  MO^EJIb  YIIPABJIEHH5I  KAHECTBOM 
HA  PbIHKE  0BPA30BATEJlbHbIX  YCJiyr 

3eHKeBHH  H.A.*,  Ky3iOTHH  ^.B.** 

*  CaHKm.-nemepSypzcKuu  socydapcmeennuu  ynueepcumem,  Poccuh, 

**  MecucdynapodHuu  6o,hko6ckuu  UHcmumym,  Poccusi 

B  paSoTe  npe^CTaBjieHbi  pe3yjibTaTBi  iiccjie^OBaHHH  ,n,ByxmaroBOH  TeopeTHKO-i-irpoBoii  MO^ejin  CTpaTeri-iHecKoii 
KOHKypeHpnn  («KauecTBO  — n,eHa»)  o6pa30BaTejiBHBix  ynpex^eHiiii  Ha  pbiHKe  o6pa30BaTejiBHBix  ycjiyr  b  ycjio- 
Biisx  BepTHKajiBHOH  flH<J)(J)epeHii,Haii,HH  (QP-MO^ejm) .  OT^ejiBHoe  BHiiMamie  ya,ejieHO  HayueHiuo  bjihhhhh  no- 
BBimeHiiH  MiiHi-iMajiBHoro  perjiaMeHTiipoBaHHoro  ypoBHH  KauecTBa  npe^ocTaBjiaeMBix  o6pa30BaTejiBHBix  ycjiyr 
Ha  xapaKTepncTHKH  paBHOBecHBix  peinem-iii  MO/i,ejiH. 

Ha  nepBOM  mare  (aTan  BBi6opa  ypoBHeii  KauecTBa)  n  =  2  o6pa30BaTejiBHBix  yupeac^eHiisi  o^HOBpeMeimo 
BBi6npaiOT  ypoBHii  KanecTBa  q  £  [q,q]  C  [0, +oo)  co6ctbchhoh  o6pa30BaTejiBHOii  ycjiyrn,  ^ocTi-iacem-ie  KOToporo 
Tpe6yeT  H3,n,ep:sceK  FC (g).  C  tohkii  3peiiiiH  Kaayzipro  H3  KOHeuHoro  Hiicjia  S  noTpe6iiTejieii  ycjiyrn  hbjihkitch 
3  a  Me  h  h  rre  j  i  h  m  h  ,  npi-meM  b  paccMETpu  becm  hi  h  BpeMemiOH  npoMeacyTOK  noTpe6iiTejiB  MoaceT  BBi6paTB  He  6ojiee 
o,a,HOH  H3  npe,a,ji0JKeHHBix  ycjiyr. 

Ha  BTopoM  mare  (aTan  peHOBoii  KOHKypeHqiin)  o6pa30BaTejiBHBie  ynpea<yi,eHHH,  3Haa  BBi6paHHBie  Ha  nepBOM 
mare  ypoBHii  KauecTBa  g^  <  qH ,  c va h o b p e m e h h o  onpe^ejunoT  peHBi  na  cboi-i  ycjiyrn  pr.  h  p#  cooTBeTCTBermo 
(HanpiiMep,  ctoiimoctb  o6yHeHiisi  3a  ceMecTp).  Hhppkc  H  BumejmeT  o6pa30BaTejiBHoe  ynpeac^eHiie,  BBi6paBmee 
ypoBeHB  KanecTBa,  He  MeHBini-iH  ueM  ypoBeHB  KauecTBa  o6pa30BaTejiBHoii  ycjiyrn  KOHKypeHTa. 

PeaKpiiH  noTpe6iiTejieH  Ha  npe/yiaraeMBiii  Ha6op  o6pa30BaTejiBHBix  ycjiyr  npoHBjiaeTCH  b  MaKCHMH3an,HH 
Kaac,a,BiM  noTpe6iiTejieM  CBoeii  <J)yHKH,HH  noTpe6iiTejiBCKoro  H3JinmKa  cjie,nyiom,ero  Bima:  Ut  =  max-fig#  — 
PHitqL  —  Pl,  0},  r^e  t  £  [t,t]  C  [0, +oo)  —  epyiHCTBeHHBiH  CKajmpHBiH  napaMeTp  Heoppopo/piocTH  iiorrpe6nrre- 
jiefi,  xapaKTepii3yiom,HH  totobhoctb  ^aHHoro  noTpe6iiTejiH  njiaTHTB  3a  noBBimem-ie  KauecTBa  npe^ocTaBjiaeMOH 
ycjiyrn  (i-ijih  ckjiohhoctb  k  KanecTBy).  C  tohkii  3peHira  ko h  Ky p iipy io 1 1 m x  o6pa30BaTejiBHBix  yupeaynpHi-iH  na¬ 
paMeTp  t  HBjmeTCH  cjiyHaiiHoii  BejiHHHHofi,  pacnpe,zi,ejieHHOH  paBHOMepHO  Ha  [t,t], 

OTMeHermaH  peaKip-ra  noTpe6iiTejieH  Ha  Ha6jnop,aeMBiH  BeKTop  {qL,PL\  QHiPh)  npHBOflHT  k  caMOOT6opy 
noTpe6HTejieii  h  0,n,H03HaHH0My  onpe,a,ejieHHio  p,ojin  pbiHKa  h  D#,  ii  ,zi,oxo,z;a  Kaac,a,oro  o6pa30BaTejiBHoro 
y'lpoK/teHHH.  Ha  stom  ace  3Tane  y hi-itbib aiOTca  nepeMeHHBie  H3^,epacKii  VCi(g;,D.;),  i  £  { L ,  H }.  Ifejmio  Kaac,a,oro 
o6pa30BaTejiBHoro  ynpeac^eHim  (b  pbihohhom  ceKTope  o6pa30BaHi-ra)  CHi-iTaeTca  MaKCHMH3an,HJi  npi-i6BijiH  ot 
npe^ocTaBjiaeMBix  o6pa30BaTejiBHBix  ycjiyr  3a  paccMaTpi-maeMBiH  nepHO,a,. 

B  pa6oTe  HaimeHO  a6cojnoTHoe  («coBepniemioe  b  nop,Birpax»)  paBHOBeciie,  npn  nocTpoeHiin  KOToporo  i-ic- 
nojiB30BaH  MeTop,  o6paTHOi"i  HH,zi,y kh,hh .  npoaHajiH3iipoBaHa  3aBi-ici-iMOCTB  nojiyHeHHoro  pemeHim  ot  napaMeTpoB 
MO,a,ejiH. 


Game-Theoretical  Model  of  the  Quality  Management 
at  Education  and  Training  Market 

Zenkevich  N.A.*,  Kuzyutin  D.V.** 

*  Saint  Petersburg  State  University ,  Russia, 

**  International  Banking  Institute,  St.  Petersburg,  Russia 

The  game-theoretical  model  of  educational  and  training  market  when  the  strategic  competition  of  educational 
institutions  leads  to  the  vertical  product  differentiation  is  analyzed.  The  main  attention  is  paid  to  the  construc¬ 
tion  of  the  institutions’  optimal  strategies,  which  form  the  subgame-perfect  equilibrium.  The  consequences  of 
raising  a  minimum  quality  standards  on  the  optimal  strategies  are  investigated. 
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PEIHEHHE  CTOXACTHHECKOH  HrPbl  BXOAA  HA  PbIHOK 

b  ycjiOBHHX  ^yonojiHH 

3eHKeBHH  H.A.*,  Pmckob  H.E.** 

CaHKm,-nemep6yp2CKUu  socydapcmeennuu  ynueepcumem,  Poccua 
*  Bucuum  iukoacl  MenedcHCMenma, 

**  ( PanyAbmem  npuKAadnou  MameMamuKU  -  npoyeccoe  ynpaeAenun 

B  paSoTe  paccMaTpiiBaeTCH  pememie  c h m m errp h  h  h o h  CTOxacTiiHecKOii  nrpBi  Bxopa  Ha  pbihok  b  ycjiOBi-iax  pyono- 
jihh.  HrpoKaMi-i  HBjunoTCH  pBe  t})iipMhr.  fpisi  Bxopa  Ha  pbihok  cjmpMe  Heo6xopiiMO  ocymecTBiiTB  hhbccthphh  b 
pa3Mepe  K.  npepnojiaraeTca,  hto  peHa  peajiH3yeMBix  Ha  pbiHKe  TOBapoB  HMeeT  Blip:  P(t)  =  X(t )  •  D[Q(t)\, 
rpe  Q(t)  —  coBOKynHBiH  o6T>eM  npepjioJKeHiisi,  D[Q(t)\  —  o6paTHaH  cjiyHKpusi  cnpoca,  BejiHHHHa  X(t)  xapax- 
Tepn3yeT  HeonpepejieHHOCTB  6ypyrpero  3Ha(ieHHM  peHBi.  B  pa6oTe  npepnojiaraeTCH,  hto  X(t)  H3MemieTC5i  b 
cooTBeTCTBHii  co  CTOxacTHHecKHM  npopeccoM  Hto:  dX  =  aXdt  +  aXdz,  rpe  ana  —  3apaHHBie  napaMeTpBi 
npopecca. 

CTpaTenieii  nrpoKa  hbjihctcji  bbi6op  MOMema  Bxopa  Ha  pbihok.  B  KanecTBe  BBiiirpBima  nrpoKa,  paccMaT- 
piiBaeTCH  npiiBepeHHoe  3HaHemie  peHe>KHoro  noTOKa  poxopa,  nojiynacMoro  (JiiipMOH.  nocKOJiBKy  poxop  3aBHCHT 
ot  peHBi  npopyKipm,  to  bbihtpbiihh  hbjijhotch  cjiyHaiiHBiMH  BejiiiHimaMH.  ,ZI,0X0A  <l>npMBi  b  KaacpBiii  momcht 
BpeMemi  3aBiicnT  ot  ee  co6cTBeHHoro  noBepemisi  h  noBepeHira  KOHKypeHTa.  OupMa  mohcct  boiith  Ha  pbihok 
nepBoii  (jrnpep)  hjih  BTopoii  (BepoMBiii) .  Bo3MO»ceH  h  ophobpcmghhbih  Bxop.  Korpa  jiiipiipyioipaH  cjnipMa  bxo- 
piIT  Ha  PBIHOK,  OHa  CTaHOBHTCH  BpeMCHHO  MOHOnOJIIICTOM.  Hpil  nOCJiepyiOipeM  BXOpe  BepOMOII  cjnipMBI  Ha  pBIHKe 
cjioaciiTCH  CHTyapHH  pyonojinn.  npii  opHOBpeMeHHOM  Bxope  na  pBiHKe  cpa3y  HMeeT  mccto  cjiynaii  pyonojiim. 

AHajiii3  nrpBi  npoBepeH  b  pBa  STana.  Ha  nepBOM  3Tane  i-irpa  paccMaTpiiBaeTCH  b  CTaTHKe.  HananBHoe  co- 
ctohhhc  CTOxacTiiHecKoro  npopecca  X  h  pojin  nrpoKOB  (jinpep,  BepoMBiii,  opHOBpeMeHHBiii  Bxop)  cniiTaiOTCH 
3apaHHBiMii.  npepnojioaciiB,  hto  jinpep  bxopht  Ha  pbihok  b  HanajiBHBiH  momcht  BpeMemi,  HaiipeH  onTiiMajiBHBiH 
momcht  Bxopa  Ha  pbihok  BepoMoro,  h  nojiyHeHBi  BBipaaceHiin  pjia  BBiiirpBimeH  nrpoKOB.  nojiyHeHBi  BBipaace- 
HIIH  pjIH  BBIIirpBIHieH  IITpOKOB  npii  OpHOBpeMCIIHOM  BXOpe  H  npOBepeil  CpaBHIITejIBHBIH  aHajIH3  COOTHOHieHIIH 
BBiHrpBimeii  nrpoKOB  b  3aBHCHMOCTH  ot  iix  pojin  b  nrpe. 

Ha  BTopoM  3Tane  nrpa  paccMaTpiiBaeTCH  b  pi-maMi-me.  B  KaacpBiii  momcht  BpeMemi  (b  3aBHCHMOCTH  ot 
TeKyipero  coctohhiih  CTOxacTiiHecKoro  npopecca)  iieBomepmuii  na  pbihok  i-irpoK  pemaeT:  bxophtb  iijih  hct. 

B  pa6oTe  HaiipeHO  paBHOBecne  no  Hsrny  b  CMemaHHBix  CTpaTerirax  pjra  uccjiepoBaHHoii  Mopejm  Bxopa  Ha 
Pbihok  b  ycjiOBHHx  pyonojiiiH. 


The  Solution  of  a  Stochastic  Two  Person  Market  Entry  Game 

Zenkevich  N.A.*,  Ryskov  I.E.** 

Saint  Petersburg  State  University,  Russia 
*  Graduate  School  of  Management, 

**  Department  of  Applied  Mathematic  and  Control  Processes 

An  industry  comprised  of  two  identical  firms  is  considered.  If  only  one  firm  invests,  it  achieves  the  monopolist 
payoff.  If  both  firms  invest  the  firms  receive  the  payoffs  of  a  duopoly  and  each  firm  must  then  determine  its 
optimal  exercise  strategy  fully  cognizant  of  its  competitor’s  similar  calculation.  Nash  equilibrium  in  mixed 
strategies  is  found. 
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CHJTbHOE  pabhobeche  no  H3Hiy  b  nrPE  CO 
CTOXACTHHECKOH  flHHAMHKOH 

3hthhh  A.B. 

CaHKm- IJemepUypscKuu  socydapcmeennuu  ynueepcumem,  Poccusi 

B  paboTe  nccjie^OBaHa  npo6jieMa  nocTpoemisi  cmiBHoro  paBHOBecira  no  Hainy  b  /  ip  h aM h ' i ec ko h  nrpe  co  cto- 
xacTH'iecKOH  flHHaMEKoft.  B  ocHOBe  MO^ejin  paccMOTpeHa  o^HomaroBaa  nrpa  G  c  mho^kbctbom  nrpoKOB  N  = 
{1, . . .  ,n},  MHO»cecTBOM  CTpaTernii  {Qi}  n  BBinrpBimeii  { K, } .  Ha  ocHOBe  nrpni  G  nocTpoeHa  noBTopsnomaacH 
nrpa  T,  r^e  BBinrpBim  iirpona  paBeH  cyMMe  BBinrpBimeii  b  o,n,HomaroBBix  nrpax,  ^HCKOHTnpoBaHHBix  Ha  MOMem 
Hanajia  iirpni  c  nonepiio,n,HBiM  ,h,hckohtom  0  <  <5  <  1.  B  xanecTBe  ^i-maMi-iKi-i  paccMaTpimajicji  CTOxacTiinecKnii 
npopecc  Hto  c  nocTomiHBiMH  napaMeTpaMii  y  n  a  [1]: 

dx(t)  =  yxdt  +  axdz, 


r^e  dz  —  npoqecc  Biinepa. 

B  ^eTepMHHiipoBaHHOM  cjiynae  H3BecTHa  MOTO^HKa  onpe^eneHira  ycjiOBnii  pjisi  cymecTBOBamiH  cmiBHoro 
paBHOBeciiH  no  Hamy  b  ^HHaMHnecKoii  nrpe  c  ncnojiB30BaHneM  cnenyiajiBHon  npon,e,n,ypBi  pacnpe^ejiemisi  ,n,e- 
jienca  [2].  B  pa6oTe  onpe,n,ejieHBi  noHHTiisi  CTOxacTi-raecKoro  ,n,ejie>Ka,  C-Ji,zipa  KOonepaTiiBHon  ctoxect h ' rec ko ii 
nrpBi,  a  TaKnce  npon,e,nypBi  pacnpe^ejieHira  CTOxacTiinecKoro  ^,ejie»ca.  B  OTjinnne  ot  KjiaccnnecKoii  Teopini  ko- 
onepaTHBHBix  nrp,  paccMaTpiiBajiacB  cnepnajiBHO  nocTpoennaa  xapaKTepiiCTiinecKaji  cjayHKpiiH.  npn  ^BunceHiin 
b^ojib  ycjiOBHO-onTHMajiBHon  TpaeKTopiiii,  npe,n,nojiarajiocB,  hto  npn  OTKjiOHeHiin  npoii3BOJiBHoii  Koajinn,HH  ot 
KOonepaTHBHoii  TpaeKTopiiii,  .npnojimiTejiBHaji  Roam-myra  npo,n,oji>KaeT  npimepnamaTBCJi  KOonepaTiiBHon  CTpa- 
Ternn. 

Ochobhbim  pe3yjiBTaTOM  pa6oTBi  HBjmeTCJi  HaxojR^eHiie  ycjiOBiin  Ha  napaMeTpni  salami,  rapaHTiipyiom,Hx 
cymecTBOBamie  cmiBHoro  paBHOBeci-m  b  noBTopsnomeiicji  nrpe  c  yKa3aHHon  CTOxacTiinecKon  /^HHaMHKoii.  Pe- 
3yjiBTaT  nojiyneH  b  cjiopMe  ,n,0CTaT0HHBix  ycjiOBHii  n  ocjaopMjieH  b  BH,n,e  TeopeMBi. 

TeopeTHnecKiie  pe3yjiBTaTBi  pa6oTBi  npoHjijnocTpiipoBaHBi  Ha  MO,n,ejiBHBix  npiiMepax. 

JlmepaTypa 

[1]  Yeung  D.  W.  K.,  Petrosyan  L.  A.  2006.  Cooperative  stochastic  differential  games.  Springer. 

[2]  Petrosjan  L.A.,  Grauer  L.  V.  2002.  Strong  Nash  equilibrium  in  multistage  games  International  game  theory  review  4 

[3] :  255-264. 

Strong  Nash  Equilibrium  in  a  Repeated  Game  with  Stochastic  Dynamics 

Zyatchin  A.V. 

Saint  Petersburg  State  University,  Russia 

Infinite  repeated  game  is  considered,  where  state  variable  follows  stochastic  Ito’s  process  with  constant  para¬ 
meters.  For  the  game  a  regularization  procedure  is  introduced,  and  in  the  regularized  game  Strong  Nash 
equilibrium  is  constructed.  The  results  are  illustrated  with  an  example. 

Keywords:  game,  equilibrium,  imputation  distribution  procedure,  regularization,  strong  Nash  equilibrium. 
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MOAEJIH  ^HHAMHKH  nOTPEBHTEJIbCKOrO  CnPOCA  HA 

TOBAPHOM  PBIHKE 

KaH,a,o6a  H.H.,  YcneHCKHii  A. A. 

Hncmumym  MameMamuKU  u  Mexanunu  YpO  PAH,  EKamepunUypz,  Poccuh 

PaccMaTpi-maiOTCH  Bonpocni,  CBjraaHHBie  c  MaTeMaTiiuecKHM  MO^ejinpoBaHiieM  npoqeccoB,  npoTeKaiomiix  Ha  aB- 
tohomhom  TOBapHOM  pbiHKe  [1,2].  Mo^ejiBio  pbiHKa  HBjuieTCH  ceTB  B3aiiMOCBH3aHHBix  nyHKTOB  npo,n,a:>K  O^HOpO^I,- 
Horo  TOBapa.  Ochobhoc  BHiiMaHiie  ygejmeTCJi  iiccjie^OBaHiiio  3aKOHOMepHOCTeii  b  npoqeccax  nepepacnpe^ejieHiia 
oGteMOB  npo^a>K  npi-i  ii3MeHeHiiii  3HaueHHH ; to m h  h  npy ro mu x  cjraKTopoB,  onpe^exunomiix  ypoBeHB  noTpe6iiTejiB- 
CKoro  cnpoca. 

Ajih  MarreMarr h ' lec ko i  o  MO^ejnipoBaHiiH  y Kas aHHBix  npoqeccoB  ncnojiB3yeTCH  .geTepMHHiipoBaHHBiH  no^xofl 
k  aHajiii3y  coqiiajiBHO-aKOHOMHHecKOH  chctcmbi,  3a,n,eHCTBOBaH  MaTeMaTHuecKHft  annapaT  rjia^xoro  aHami3a, 
npiiMeHHiOTCH  xopomo  3apeKOMeH^,OBaBmne  ce6a  b  MarreMaT h ' rec ko h  skohomiikc  h  CTaTiiCTiiKe  (]’)yhkhhh  Ko66a- 
Ayrjiaca  [3] .  Ilpe^jiaraeTCH  hcckojibko  B3aiiMOCBH3 aHHBix  MaTeMaTHuecKHx  MO^ejieii,  b  pa3Hoii  CTenemi  yuiiTBi- 
Baiomiix  /[,0m HHirpy foi[[He  cjraKTopBi,  B3aHMcyi,eHCTBHe  nyHKTOB  ceTH  h,  kslk  cjie^CTBiie,  cymecTBeHHO  pa3JHiua- 
K>m,HXCH  BBIHI-ICJIHTejIBHOH  TpygOeMKOCTBIO  HX  HHCJieHHOH  peajIH3ai],HH.  0^,1-IH  H3  OCHOBHBIX  iiHCTpyMeHTapneB , 
Ha  ocHOBe  KOTopBix  CTpoHTCH  3TH  MO^ejiH,  -  HejiiiHeiiHaH  c[)yHKH,HH  cnpoca.  OyHKpiiH  cnpoca  onpe^ejiaeTCJi  Kan 
c[)yHKH,HH  peHBi  npo,nyKTa  pjm  Kauygoro  nyHKTa  h  HBjiHeTCH  ero  jiOKajiBHoii  xap a Krrep h c rr h ko ii .  PaccMaTpiiBaeTCH 
pH,H,  HejII-IHeHHBIX  KOHCTpyKHJIH,  n03BOJUnOHI,HX  OmiCaTB  BSaHMO/teHCl’BHC  nyHKTOB  ceTH  B  TepMI-IHaX  SJiaCTHHHO- 
CTeft  CBH3eii.  IIpe^jiaraiOTCH  BBiniicjiHTejiBHBie  ajiropiiTMBi  pflu  onpeflejieHiiH  hhcjiobbix  3HaneHHii  jiOKajiBHBix 
h  ceTeBBix  xapaKTepncTHK  MO^ejieii.  IIphbo^htch  pe3yjiBTaTBi  uiicjieHHoro  MO^ejiiipoBaHiiH  c  HcnojiB30BaHiieM 
peajiBHBix  ^.aHHBix. 

Ha  ocHOBe  nocTpoeHHBix  MO^ejieii  paccMaTpiiBaiOTCJi  nocTaHOBKii  onTHMH3au,HOHHBix  3ay3.au,  pememie  ko- 
TOpBIX  MOnceT  IICn0JIB30BaTBCH  npil  4)OpMHpOBaHHH  KpaTKOCpOHHOH  nOJIHTHKH  cjjIipMBI  B  C(J>epe  H,eHOo6pa30Ba- 

HIIH  [4]. 

Pe3yjiBTaTBi  HHCJieHiioro  MO^ejiiipoBaHiiH  [5]  6bijih  ncnojiB30BaHBi  cnepnajiHCTaMH  KOMnamiH  «Ch6hc4)tb» 
npn  npiiHHTHH  ynpaBjieHnecKHx  pemeHHit.  Anpo6aH,H5i  npeyyjiaraeMBix  noypcoyi.OB  k  nocTpoeHino  MaTeMaTiiue- 
ckhx  MoyyejieH  h  hx  HcnojiB30BaHiie  yyra  nocTaHOBKii  h  HiicjieHHoro  pemeHira  onTHMH3an,HOHHBix  3ay3,au  noyyrBep- 
5K^aeT  hx  ^ocTaTOHHyio  scJn^eKTiiBHOCTB  k  pemeHino  coyyepxtaTejiBHBix  skohomhhcckhx  3a^,an  c  HcnojiB30BaHiieM 
peajiBHBix  yyaHHBix. 

Pa6oTa  BBinojiHeHa  npn  cjnmaHCOBOii  noymepvKKe  rpaHTa  POOH  N2  06-01-00229. 
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Models  of  Consumer  Demand  Dynamics  at  a  Market 

Kandoba  I.N.,  Uspenskiy  A. A. 

Institute  of  Mathematics  and  Mechanics  of  the  Ural  Branch  of  the  Russian  Academy  of  Sciences, 

Ekaterinburg,  Russia 

The  paper  is  devoted  to  mathematical  simulation  of  an  autonomous  network  of  retail  outlets  at  a  local  market. 
The  question  of  simulation  of  redistribution  processes  in  the  network  is  discussed.  Two  interconnected  and 
complemented  economic-mathematical  models  are  suggested.  These  models  describe  the  evolution  processes  of 
the  sale  conditions  in  the  network.  They  are  constructed  on  the  basis  of  the  nonlinear  price  demand  and  the 
system  state  functions.  The  mathematical  models  are  described  by  a  dynamic  system  of  partial  differential 
equations.  The  main  attention  is  given  to  mathematical  simulation  of  the  redistribution  process  of  consumer 
demand  through  retail  outlets  in  the  network  under  fluctuations  of  prices.  The  numerical  realization  of  the 
models  is  discussed.  Computer  simulations  show  that  the  proposed  models  can  adequately  reflect  some  real 
processes  of  the  sales  redistribution  in  the  network. 
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IIOCTPOEHHE  PA3PEIHAIOILI)HX  CTPATErHH  HrPOKOB 
B  HEAHTArOHnCTHHECKOn  n03HD;H0HH0n 
AMOEPEHIJHAJTbHOn  nrPE  ABYX  jihd; 

KjieiiMeHOB  A.®. 

MHcmumym  MameMamuKU  u  MexanuKU  YpO  PAH,  EnamepuH6ypd,  Poccun 

PaccMaTpi-iBaeTca  HeaHTaronncTHuecKaH  no3iiu,iiOHHaH  ,n,ii4)4)epeHLi,iiajibHaH  iirpa  ^Byx  Jinn,  c  TepMHHajibHbiMH 
cjDyHKpiiHMi-i  Bbiiirpwma  i-irpoKOB.  AHHaMHKa  nrpbi  omicbiBaeTcn  HejiHHenHbiM  ^nc^cjDepeHipiajiBHBiM  ypaBHeHii- 
eM.  ynpaBjijnoin,ne  B03,n,eiicTBii5i  i-irpoKOB  CTecHeHBi  reoMeTpHuecKHMH  orpaHHuemniMH. 

OopMajiii3an,HH  crrparrernH  h  ^bh>k6hhh,  i-imi-i  noponygaeMbix,  npoii3BO,n,HTCsi  t&k  »ce,  KaK  h  b  Teopiiii  aHTaro- 
HHCTHnecKHx  no3Hii,HOHHbix  ^iicjjcjjepeHpiiajibHbix  iirp  [1,2]  3a  HCKjnoueHHeM  TexHiiuecKiix  ^eTajieii.  B  KauecTBe 
iicxo,n,Horo  noHsm-ia  pemeHiia  ncnojib3yeTCH  pememie  no  Hsrny.  (cm.,  HanpiiMep,  [3-5]).  A3-1166)  Ha  HenycTOM 
MHoncecTBe  HsmeBCKiix  pemeHiiii  Bbi^ejiaeTCH  noflMHO>KecTBO  sjieMeHTOB,  HeynyuinaeMbix  no  IlapeTO.  Ha  stom 
no^,MHO»cecTBe  Haxo^HT  sjieMeHTbi,  nanjiynmne  ^jih  1-ro  n  2-ro  nrpoKOB,  cooTBeTCTBenno.  Hcnojib3ya  stii  3jie- 
MeHTbi,  CTpoiiTCH  iiTepanyiOHHaH  npope^ypa  [6,7],  no3BOJijnoiH,aii,  Boobipe  roBopn,  3HannTejibHO  cy3HTb  ncxo^Hoe 
MHoncecTBO  HeyjiynmaeMbix  no  napeTO  HSiueBCKiix  pemeHiiii.  B  psme  cjiynaeB  pe3yjibTiipyiom,ee  mhoxcctbo  mo- 
nceT  cocTOHTb  H3  e^iiHCTBeiiHoro  sjieMeHTa.  CymecTBeHHbiM  momchtom  npope^ypni  HBjiaeTca  iicnojib30BaHiie 
paBHOBecnii  bo  BcnoMoraTejiBHbix  6nMaTpnnHbix  nrpax;  stii  paBHOBecna  hbjihkjtch  aHajioraMii  ce^jiOBbix  to- 
nex  b  cooTBeTCTByK)m,iix  CTaTiinecKiix  3a^3,anax  na  MaKCHMim,  B03HHKaiom,Hx  npn  nomaroBOM  cjjopMi-ipoBaHHH 
ynpaBjieHHii  nrpoKOB  b  aHTaroHiiCTiinecKiix  ,n,iK|wJ>epeHii,HajibHbix  nrpax  [1,2].  B  xanecTBe  pemeHiiii  nrpbi  npe^- 
jiaraeTca  ncnojiB30BaTb  KaK  pa3  HsmeBCKiie  pemeHira  H3  pe3yjibTiipyiom,ero  MHoacecTBa.  3aMeTiiM,  hto  sth 
pememiH  ynoBjieTBopmoT  CBoiicTBy  ^imaMi-mecKon  ycTonmiBOCTn,  BBe^,eHHOMy  b  [4[. 

npe^jiaracMaa  npope^ypa  no,npo6HO  njuirocTpiipyeTca  na  paccMaTpimaeMbix  b  ^.OKjia^e  npiiMepax. 

PaboTa  BbinojmeHa  npn  (JnmaHCOBon  no,zmep:>KKe  PoccniicKoro  cjDOH^a  ((jyH^aMeHTajibHbix  nccjie^OBaHHii 
(rpaHT  Ne  06-01-00436). 
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Construction  of  Solving  Strategies  for  Players  in  a 
Nonantagonistic  Positional  Differential  Game 

Kleimenov  A.F. 

Institute  of  Mathematics  and  Mechanics,  Ural  Branch  of  RAS,  Ekaterinburg,  Russia 

Suggested  approach  uses  Nash  solutions  of  the  game  which  are  the  best  for  the  first  player  and  for  the  second 
player,  respectively.  The  special  iterative  procedure  is  considered  which  ensures,  in  general,  narrowing  the  set 
of  acceptable  Nash  solution.  In  particular,  the  resulting  set  can  consist  of  a  single  element.  Nash  solutions  from 
the  resulting  set  are  taken  as  solutions  of  the  game. 


324 


GAMES  THEORY  AND  ITS  APPLICATIONS  IN  MANAGEMENT 


TEOPETHKO-HTPOBAR  MO.7TE.TTE>  COKPAJHEHM  BblEPOCOB 
BPE^HblX  BEIHECTB  B  ATMOCOEPy  C 
ACHMMETPHHHbIMH  3APPH3HHTEJI5IMH 

Ko3JioBCKaa  H.B. 

CaHKm-nemep6ypzcKuu  gocydapcmeennuu  ynueepcumem,  Poccusi 

Pernem-ie  npo6jieMBi  rjio6ajiBHoro  noTenjieHiia  Tpe6yeT  o6rbe,n,i'iHeHiiH  ycnjinit  MHomx  CTpaH.  IIpii  stom  MoryT 
B03HriKaTb  pa3HorjiaciiH  KacaTejiBHO  pacnpe,a,ejieHiiH  3aTpaT  Ha  c h h >Ke h h e  BBibpocoB  ,n,o  HeKOToporo  ^onycTii- 
Moro  ypoBHH  h  3aTpaT  Ha  B03Mem,eHiie  yin,ep6a  ot  3arpH3HeHira.  KoonepaTHBHaa  Teopiia  nrp  HMeeT  peineHira, 
KOTOpBie  He  TOJIBKO  HBJIJHOTCH  CnpaBe^JIHBBIMII,  HO  THKHCe  yHI-ITBIBaiOT  H  CTpaTen-IHeCKyiO  CHJiy  IirpOKOB,  H 
noTOMy  MoryT  6bitb  nojie3HBi  ^jih  peineHira  no,n,o6HBix  3a,n,aH. 

B  HacToameii  pa6oTe  paccMaTpimaeTCH  MO,a,ejiB  coKpamemra  Bpe,n,HBix  bbi6pocob,  KOTopaa  6buia  npe^jio- 
»ceHa  TepMSHHOM  h  ,np.  b  1998  ro,a,y.  JI.A.  IleTpocHH  h  T.  3aKKyp  b  2001  r.  paccMOTpejni  Ty  »ce  MO^ejiB  c 
HenpepBiBHBiM  BpeMeHeM  Ha  6ecKOHeHHOM  npoMeacyTKe  [1].  B  ,n,aHHOH  pa6oTe  6yn,eT  paccMOTpeHa  MO,a,ejiB  co 
cjiyHaiiHOH  npo^ojiHaiTejiBHOCTBio,  nepecjDopMyjiHpoBaHHaa  .zpni  SToro  cjiynaa  b  pa6oTe  [3]. 

IlycTB  I  —  MHOxecTBO  CTpaH,  BOBjieneHHBix  b  nrpy  coKpamemra  bbi6pocob  b  aTMOC(J>epy,  I  =  {1, 2, . . , ,  n}. 
Hrpa  HaHHHacTca  b  momcht  BpeMemi  to  h3  HauajiBHoro  coctohhiih  xq-  Momuht  OKOHuaHiiH  iirpni  HBjiaeTca 
cjiyHaiiHOH  BejiHHHHoft,  p,nsi  KOTopofi  3a^aHa  (JjyHKpiiH  pacnpe^ejieHiia:  F(t)  =  pe~ p^~to\  t  £  [to!  oo).  Bbi6pocbi 
nrpoKa  i  ( i  =  1,2, ...  ,n)  b  momcht  BpeMemi  t,  t  £  [io;oo),  o6o3HamiM  Kan  Ui(t).  IlycTB  x{t)  —  sto  3anac 
HaKonjieiiHoro  3arpa3HeHiia  3a  BpeMa  t.  Poct  3anaca  3arpa3HeHHa  onpe^ejiaeTca  cjie^,yK>m,HM  ypaBHemieM: 

x(t)  =  Ui(t)—Sx(t),  a:(0)  =  x°,  rp,e  6  —  K03cl><J>HH,HeHT,  xapaKTepH3yK>in,Hft ^ojiio  BraiTBiBaeMoro  3arpa3HeHiia. 

iei 

BBe^eM  cjie^yromiie  o6o3HaHeHiia:  Ci(ui )  —  sto  ii3^ep>KKH  yMeHBHieHiia  bbi6pocob,  KOTopnie  HeceT  CTpaHa  i, 
Kor^a  OHa  cmiHcaeT  cboii  bbi6pocbi  ,n,o  ypoBHa  up  Ci(ui )  =  —  (ui  —  Ui)2,  0  <  Ui  <  Hi,  7  >  0,  a  Di{x)  —  sto 

H37,ep>KKH  B03Mem,eHiia  y6biTKOB:  Di(x)  =  irx,  tt  >  0.  iirpox  CTpeMHTca  MHHHMH3iipoBaTB  cyMMapHBie 

H3^epjKKH  yMeHBmeHiia  bbi6pocob  h  B03Mem,eHiia  y6i>iTKOB. 

B  HacToam,eii  pa6oTe  BBimicjieHa  xapaKTepiiCTHaecKaa  cjDyHKpua  fljia  Bcex  bo3mo>khbix  KoajiimiiH,  ^OKa- 
3BiBaeTca  BBinyKjiocTB  xapaKTepncTHuecKOH  cJjyHKpHH.  Hai*meH  BeKTop  Hlenjni.  IloKa3aHa  ero  7  n  hum  h  ( icc  kum 
ycTOHHHBOCTB.  XapaKTepucTHuecKaji  cjDyHKpua  BBiai-icjiaeTca  npn  noMom,n  ypaBHeHiia  r aMiuiBTOHa  -  Hko6h- 
BexuiMaHa  pflu  3a,a,aH  co  cjiyaaiiHOH  npo^ojiaaiTejiBHOCTBio,  KOTopoe  6bijio  BBiBe7,eHO  b  pa6oTe  [2].  BBiHHCJiemie 
xapaKTepucTHHecKoii  <J)yHKH,HH  He  CTaH^apTHO  [1].  Kor,n,a  xapaKTepiiCTHaecKaa  cjDyHKpiia  BBiai-icjiaeTca  ^jih 
KoajiHH,HH  K,  to  nrpoKH,  He  Bome^miie  b  KoajniH,Hio  K,  npi-mepxa-iBaiOTca  CTpaTei  HH,  MaKCHMH3HpyiOHi,Hx  hx 
Co6cTBeHHBIH  BhlHi  phllir,  BMeCTO  TOTO,  HTo6bI  o6T>e7,HHHTBCa  B  aHTHKOajII'IH,HIO. 
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A  Game  Theoretical  Model  of  Reducing  Emissions  with  Asymmetric  Payoffs 

Kozlovskaya  N.V. 

Saint  Petersburg  State  University,  Russia 

The  model  of  reducing  emissions  was  for  the  first  time  studied  by  Petrosian  and  Zaccour  in  2003.  The  same 
model  with  random  duration  is  under  consideration  in  this  paper.  The  characteristic  function  for  all  possible 
coalitions  is  computed.  The  Shapley  value  is  found. 
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TEOPETHKO-HrPOBOE  MO^EJIHPOBAHHE  AM  3A^AH 
PACnPEAEJIEHHH  PECYPCOB  ME*/],y  HECKOJIbKHMH  PblHKAMH 

Kpenc  B.JT. 

CaHKm-IJemep6yp2CKUu  uHcmumym  skohomuku  u  MameMamuKU  PAH,  Poccusi 

B  TeopeTiiKO-iirpoBoii  nocTaHOBKe  3apaHii  pacnpepejieHira  orpaHiiHeHHBix  pecypcoB  pemajiiiCB  pa3jiHHHBiMii  aB- 
TopaMH.  IlcTopiiH  Bonpoca  h  obumpHaa  bubjiiiorpacjmsi  copepacaTCJi  b  KHiire  H.H.  BopobneBa  [1],  B  HepaBHeii 
KHiire  A. A.  Bacima  [2]  pa3paboTaHBi  TeopeTiiKO-iirpoBBie  MeTopBi  h  nopxopBi  k  3apauaM,  B03HHKaK>in,Hx  b  mo- 
pejisix  pbihohhoii  skohomhkh. 

Mbi  paccMaTpi-iBaeM  nrpoByio  3apany,  b  KOTopoii  m  ynacTHiiKOB  pacnpepejuiiOT  cboii  HajiHHHBift  opHOMepHBiii 
pecypc  Ha  npopaacy  Me»cpy  n  pwHKaMH.  IfeHa  epimupBi  pecypca  Ha  KaacpoM  pbihkg  3aBHCHT  ot  npepjiOHceHiiH  h 
ybumaeT  c  poctom  npepjioJKeHira  pecypca  Ha  stom  pniHKe  KaxpBiM  H3  nrpoKOB.  Mbi  npepnojiaraeM,  hto  pbihok 
j  xapaKTepii3yeTCH  napaMeTpoM  aj,  h  peHa  epiffliipBi  pecypca  Ha  pniHKe  j  c  tohhoctbio  po  MHOJKHTejui  aj 
3apaeTCH  opHoii  i-i  toi"i  »ce  pjra  Bcex  pbihkob  opHopopHoii  <J)yHKH,Heft  ot  cyMMapHoro  npepjioJKeHim  Ha  pbihok  j. 
IIoKa3aTejiB  opHopopHOCTii  stoii  (JiyHKpim  npimapjiejKHT  iiHTepBajiy  (—1,0).  BBii-irpBim  (nojie3HOCTB)  Kaacporo 
nrpoKa  HBjuieTCH  cyMMofi  ero  poxopoB  ot  npopaac  Ha  Bcex  pBiHKax. 

Ecjih  HenocpepcTBeHHan  Koonepapua  Me»cpy  yuacTHHKaMH  OTcyTCTByeT,  to  Mopejm  ecTecTBeHHO  paccMaT- 
piiBaeTCH  Kax  bee  Koa  j  i  h  p  h  o  h  h an  nrpa  m  jihh,.  B  paboTe  ycTaHaBjiiiBaeTca,  hto  HcnojiB30BaHiie  epimcTBeHHoii 
CHTyapHH  paBHOBeciiH  no  Hamy  pjra  stoii  iirpni  npiiBopiiT  k  TOMy,  hto: 

а)  peHBi  epiiHnu,Bi  pecypca  Ha  Bcex  pBiHKax  OKa3BiBaiOTCJi  paBHBiMii; 

б)  Bee  iirpoKii  pacnpepejraiOT  cboii  pecypcni  MejKpy  pBiHKaMii  b  opHoii  h  toii  nee  nponoppiiii.  A0JIH  HajiiiHHoro 
pecypca,  iianpaBjiaeMasi  nrpoKOM  Ha  pbihok  j,  He  3aBi-ici-iT  ot  Hiicjia  nrpoKOB,  a  Tannce  ot  iix  HajiiiHHBix  pecypcoB 
ii  coBnapaeT  c  pojieii,  KOTopyio  pjra  cjiynaa  m  =  1  npepmiCBiBaeT  pemeHiie  cooTBeTCTByiomeii  onTiiMH3aii,HOH- 
Hoii  3apaHii. 

TaKiiM  o6pa30M,  iirpoKii  MoryT  ncnojiB30BaTB  paBHOBecHBie  CTpaTeriiii,  ne  objiapaa  nH(]iop  Manned  mi  o 
pecypcax  napTHepoB,  hii  o6  iix  Hiicjie.  9tot  cjieHOMeH  nBjuieTCJi  cjiepcTBiieM  cnepiiajiBHoro  Biipa  peH,  a  3HaHiiT  h 
cJayHKpiiH  nojie3HOCTei"i  nrpoKOB.  IIpn  <]jyHKpnax  nojie3HOCTei“i  o6ipero  Biipa  pojia  pecypca,  BBipejraeMaji  nrpoKOM 
Ha  KancpBiH  pbihok,  pojBKHa  3aBiiceTB  ot  Hiicjia  nrpoKOB  h  iix  HajiiiHHBix  pecypcoB  h,  bo  bchkom  cjiynae,  ot 
cooTHomemm  Me»cpy  HajiiiHHBiMH  pecypcaMi-i  ynacTHiiKOB  nrpBi. 

PaBHOBecHoe  noBepeime  nrpoKOB  obecnenuBaeT  MaKCiiMyM  hx  cyMMapHoro  BBiurpBima,  kotopbih  mohcho 
TpaKTOBaTB  KaK  «o6ipecTBeHHyio»  nojie3HOCTB. 

3aMeHaHiie.  BBiiirpBimn  nrpoKOB  b  epimcTBeHHoii  ciiTyapnn  paBHOBecira  c  tohhoctbio  po  KoacjxjHipneHTa 
cocTaBjuiiOT  Ty  nee  BeKTop-cjayHKpuio,  hto  ii  poxopBi  nrpoKOB  Ha  KaxpoM  pBiHKe  b  ncxopHOii  3apane.  9to 
03HanaeT,  hto  paBHOBecHoe  ncnojiB30BaHne  HecKOJiBKiix  pbihkob  SKBiiBajieHTHO  i-icnojiB30BaHi-iio  opHoro  pniHKa. 
Cjiynaii  pByx  KOHKypeHTHBix  pbihkob  n  —  2  iiccjiepoBajiCH  b  paboTe  [3] . 
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Game  Theoretic  Model  of  Resource  Allocation  Problems 
Between  Several  Markets 
Kreps  V.L. 

Saint  Petersburg  Institute  for  Economics  and  Mathematics,  RAS,  Russia 

A  competitive  model  of  resource  allocation  is  considered.  Several  agents  distribute  their  one-dimensional  resour¬ 
ces  between  several  markets.  A  price  of  a  unit  of  resource  at  market  j  is  a  homogeneous  function  of  supply 
multiplied  by  index  aj.  We  solve  a  corresponding  non-cooperative  game.  The  unique  Nash  equilibrium  prescribes 
to  divide  a  resource  in  the  same  proportion  for  all  agents.  The  price  of  a  unit  of  resource  is  the  same  for  all 
markets. 
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PABHOBECHblE  PEIHEHHH  B  3AAAHAX 
MHOrOKPHTEPHAJIBHOH  OIITHMH3AIJHH 

JlanyHOB  A.H. 

CaHKm-nemep6ypzcKuu  uHcmumym  skohomuku  u  MameMamunu  PAH,  Poccun 

06menpi-i3HaHHO,  hto  jno6oe  «penieiiiie»  MHoroKpHTepiiajiBHon  3a,n,aHH  ,ii,oji>kho  6bitb  IlapeTO-onTiiMajibHHM 
(acJjcjDeKTiiBHbiM) .  9to  3Ha'iHT,  hto  ynyHiuemie  TaKoro  pememia  no  o^HOMy  Kpirrepino  conpoB05K,n,aeTCH  ero 
yxynpiemieM  no  KaKOMy-jnibo  .npyroMy  KpiiTepnio.  CncTeMaTnnecKoe  HCCJie^OBaHiie  IlapeTO-onTHMajiBHBix  pe- 
nieHiin  MHoroKpiiTepriajiBHBix  3a,n,an  n  MeTO,n,Bi  HaxojK^emDi  stiix  peinem-iii  co^epnaiTca  b  m o h o i ’ p ac].) h h  [1], 
0,h,hhm  H3  TaKrix  MeTO,n,OB  Haxo:»yneHHH  pememisi  HBjiaeTca  CBepTBiBamie  KpiiTepneB,  b  nacTHOCTii,  MaKCHMH- 
3an,na  HeoTpripaTejiBHon  jirmenHOH  KOM6HHan,nn  KpiiTepneB.  Jtpyroft  no^xoA  K  MHoroKpnTepnajiBHBiM  3a^,anaM 
coctoht  b  paHJKnpoBaHHH  KpiiTepneB.  9T0My  no^xo^y  nocBHmeHa  MOHorpa4»ia  [2]. 

B  HacTOHipeM  ,n,OKjia^i,e  npe^yiaraeTca  hobbiii  no^xo^,  k  peniemiio  MHoroKpuTepnajiBHBix  3a^an,  ocHOBaHHBin 
Ha  npimpimax  corjiacoBaHHOCTi-i  n  paBHOBecua,  ncnojiB3yeMBix  b  HacTOHipee  BpeMa  b  Teopnn  nrp.  npimpiin 
corjiacoBaHHOCTii  ,n,aBHO  iicnojib3yeTca  b  MaTeMaTiiKe  —  ,n,ocTaTOHHO  BcnoMHiiTB  corjiacoBaHHyio  cucTeMy  Mep 
b  Teopnn  BepoaTHOCTeii.  npimpiin  corjiacoBaHHOCTii  coctoht  b  cjie^,yioiii,eM:  3a^,ana  norpyacaeTca  b  Kjiacc  3a- 
^an,  saBHcainiix  ot  napaMeTpa,  nocjie  nero  nocTyjinpyeTca  Bim  3aBncnMOCTH  pemeHiia  ot  3Toro  napaMeTpa.  Ha 
3tom  npimpiine  ocHOBaHO  .gimaMiiHecKoe  nporpaMMiipoBaHiie,  a  Tannce  MHorae  noHsmisi  pemeHiia  b  Koonepa- 
thbhbix  iirpax.  B  HarneM  cjiynae  npirapun  corjiacoBaHHOCTii  cbo^htch  k  HenpepBiBHon  3aBncnMOCTH  pememisi 
^jih  OTpe3Ka  ot  yrjia  noBopoTa. 

npnHn,nn  paBHOBecua  (jiynrne  6bijio  6bi  roBopiiTB  06  ycTOHHi-iBOCTi-i)  b  o6m,eM  Bime  aJjopMyjnipoBaTB  cjiojk- 
Hee.  Onpe^ejiaeTca  Kjiacc  bo3mojkhbix  OTKjiOHeHiin  ot  pememisi.  PemeHiie  yupBjieTBopsieT  npi-mnymy  paBHOBe- 
ciisi,  ecjni  npn  jiio6om  bo3mo>khom  OTKjiOHeHHn  iiapymaeTCsi  npiimpin  corjiacoBaHHOCTii. 

B  paccMaTpiiBaeMOM  cjiynae  npiimpm  paBHOBecua  cbo^htch  k  TOMy,  hto  npiimpm  corjiacoBaHHOCTii  ^ojijkch 
BBinojiHHTBca  no  KajK^oii  113  nepeMeHHBix. 

Bbo^htch  HOBoe  noHsmie  o^HOTonenHoro  pememisi  pjin  3a^,an  MHoroKpiiTepiiajiBHon  onTHMH3an,Hn,  ncnojiB- 
3yioiii,ee  npiimpinBi  corjiacoBaHHOCTii  n  paBHOBecna  H3  Teopnn  nrp  n  bbibo^htch  ypaBHemisi  .zyisi  stoto  pememisi. 

npocjiejKHBaeTca  aHajiornsi  c  Kjiacci-iHecKon  onTHMH3an,Heft:  no^o6HO  TOMy,  KaK  paBeHCTBO  Hyjno  npoii3BO,n,- 
hoh  <J)yHKn,HH  em,e  He  .gocTaTOHHO  .zpisi  ee  MaKCHMH3an,HH,  pemeiine  BBiBe^eHHBix  ypaBHemin  b  o6m,eM  cjiynae 
MonceT  6bitb  He  napeTO-onTHMajiBHBiM. 
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Equilibrium  Solutions  in  the  Multicriteria  Optimization  Problems 

Liapounov  A.N. 

Saint  Petersburg  Institute  for  Economics  and  Mathematics,  RAS,  Russia 


A  new  concept  of  the  single-valued  solution  for  the  multicriteria  optimzation  problems  using  the  principles 
of  the  consistency  and  equilibrium  from  the  game  theory  is  introduced.  For  this  solutions,  new  equations  are 
constructed. 
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3AAAHA  COBMECTHOrO  HAHJIYHIHErO  BbIBOPA  AM 

Abyx  nrpoKOB 

Ma3ajioB  B.B.,  Oajit.Ro  A. A. 

HHcmumym  npuKAadnux  MameMamunecnux  uccAedoeanuu 
KapeAbcnuu  naynnuu  yenmp  PAH,  nempo3aeodcK,  Poccua 

B  paboTe  paccMaTpiiBaeTCH  nrpa  //Byx  ■nun,  Hanjiymuero  BBibopa.  nrpoKa  xotht  coBMecTHO  HaHHTB  na  pa- 
6oTy  cnepiiajiiiCTa.  Bcero  iiMeeTCH  n  npeTeH/jeHTOB  Ha  CBo6o//Hoe  MecTO.  Kasc/joro  i-irpoKa  npeTeH/jeHTBi 
ynopaji,OHeHBi  no  onpe/i,ejieHHOMy  KanecTBy  (a6cojiK>THBiii  paHr) .  IIpeTeHji,eHT  c  HaiiMeHBHiiiM  paHroM  cmiTaeTCH 
jiynmiiM.  IIpeTeHjjeHTBi  nocTynaiOT  b  cjiyuaimoM  nopa/pce,  tslk  hto  Bee  n!  nepecTaHOBOK  paBHOBeponTHBi.  IIpH 
co6ece,a,OBaHHH  c  TeKymjiM  npeTeH/jeHTOM  Ka>K/i,BiH  import  Ha6jno/i,aeT  ero  paHr  OTHOCiiTejiBHO  npe/p>i/iym;Hx. 
OcHOBBiBaacB  Ha  stoii  HHcjiopManHH,  iirpoKii  coBMecTHO  pemaiOT  npiiHHTB  hjih  OTBeprHyTB  Tertymero  npeTem 
//eHTa.  06o3HauiiM  OTHOCiiTejiBHBie  paHru  npeTeH/jeHTa  Ha  mare  i  /yin  nepBoro  i-irpoKa  Xt,  /yin  BToporo  Yi. 
riycTB  Ha  mare  i  iirpoKii  Ha6jno/i,aiOT  Xt  =  x  h  Y,  =  y.  OTHOCiiTejiBHBie  paHru  /yin  pa3HBix  nrpoKOB  MoryT 
6bitb  Kan  HesaB hc h m at m h  cjiyuaHHBiMii  BejiHHHHaMH,  Tan  h  3 a b h c h m b [ m h .  Ecjih  «-BiH  npeTeH/jeHT  OTBeprHyTj  TO 
HrpoKH  nepexo/yiT  k  co6ece/i,OBaHHio  c  i  +  1  npeTeH/ymTOM .  Ecjih  i- biii  npeTeH/jeHT  npiiiiiiMaeTCH  Ha  pa6oTy,  to 
nrpa  3 aKaHHHB aeTcn .  B  stom  cjiyuae  o»tii/i,aeMBiH  BBiurpBim  /yin  rpynnBi  paBeH  pQ(i,  x)  +  pQ(i ,  y),  rpp  Q(i ,  x), 
Q(i,  y )  —  ona-maeMBie  a6cojnoTHBie  paHru  npeTeH/jeHTa  /pm  nepBoro  h  BToporo  nrpoKa,  h  p,  p  —  Bee  m He Him 
nepBoro  h  BToporo  nrpoKa  cootbctctbchho.  Ha  mare  n  iirpoKii  BBiHy»t/i,eHBi  npiiHHTB  nocjie/yiero  npeTeH/jeHTa. 
Heo6xo/3,iiMO  HaflTH  onTHMajiBHoe  npaBiuio,  KOTopoe  MHHHMH3npyeT  o»tii/i,aeMBiH  BBiurpBim  rpynnBi. 

npHB0/3,HTCH  paBHOBecHBie  CTpaTeriiH  h  onTHMajiBHBie  noporoBBie  CTpaTeriiii  /pm  npiraHTira  npeTeH/jeHTa  b 
cjiyuae,  rtoiy/a  X,  h  Yi  —  3aBiiciiMBie  cjiynaHHBie  BejiHmiHBi. 

PaboTa  no/mepncaHa  rpaHTOM  POOH  (npoeKT  06-01-00128-a). 

JlHTepaiypa 
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Best  Choice-Problem  for  Two  Players 

Mazalov  V.V.,  Falko  A. A. 

Institute  of  Applied  Mathematical  Research  KRC  RAS,  Karelia,  Petrozavodsk,  Russia 

Two  person  no-information  best-choice  problem  is  considered.  The  group  of  two  players  wants  to  select  jointly  the 
best  secretary  among  n  applicants.  Players  jointly  make  decision  to  accept  or  to  reject  the  applicant.  If  accept  is 
chosen,  the  game  ends  and  the  group  receives  the  payoff  with  weight  of  importance  of  choosing  for  each  player. 
We  want  to  find  the  stopping  rule  which  minimizes  the  expected  weighted  offer.  Equilibrium  strategies  and 
optimal  threshold  strategies  for  acceptance  the  applicant  are  given. 


PABHOBECM  B  3AAAHAX  YIIPABJTEHH5I  BHOPECYPCAMH  C 
MEH5HOIE;EHC5I  3AnOBEAHOH  TEPPHTOPHEH 

Ma3ajioB  B.B.,  PeTTneBa  A.H. 

HHcmumym  npuKAadnux  MameMamuuecKux  uccAedoeanuu 
KapeAbCKuU  naynnuu  yenmp  PAH,  nempo3aeodcK,  Poccua 

Hccjie/i,OBaHa  MO/i,ejiB  pa3BiiTii5i  pBibHoii  nonyjumj-iH,  ymiTBiBaiom,aH  cymecTBOBam-ie  Mi-mpai/im  Me»t/iy  uacTHMii 
BO/i,oeMa  Ha  6ecKOHeuHOM  ropi-i30HTe  njiam-ipoBaHi-ra.  IfeHTp  (rocygapcTBo)  b  Ka»t/i,BiH  momcht  BpeMemi  onpe/i,e- 
juieT  //ojiio  3anoBe/3,Hoii  uacTii  BO/i,oeMa,  o6o3HaueHHyio  s(t),  0  <  s(t)  <  1.  Pa3/i,ejiiiM  aKBaTopino  BO/i,oeMa  na  //Be 
uacTH  Si  h  S‘2,  r/;e  bbijiob  3anpem,eH  h  pa3pemeH,  cootbctctbchho.  Tor/i,a  s  =  Si /(Si  +  S2)  —  //ojih  3anoBe/i,HOH 
TeppuTopiiii.  nycTB  Xi(t)  11  a;2 (t)  —  pbi6HBie  3anacBi  Ha  e/tHHuuy  njiom,a/i,ii  Si  11  S2,  cooTBeTCTBemio.  Meatfly 
uacTHMii  BO/i,oeMa  cyn/ecTByeT  Miirpai/HOHHBiH  o6MeH  c  K03<jxj>im,HeHTOM  as(t)(l  —  s(t)),  rp,e  a  —  CKopocTB 
o6MeHa  Me>K/iy  otkpbitoh  ii  3aKpBiTOi"i  o6jiacTHMii.  Ha  S2  pBi6ojiOBen,Kaji  apTejm  Be/i,eT  bbijiob  buopecypcoB  Ha 
6ecKOHeuHOM  OTpe3Ke  BpeMemi. 
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Toqga  flHHaMHKa  pa3BHTHH  iionyjnruHH  c  yueTOM  BbuiOBa  omicbiBacTCH  ypaBHeHHHMii: 

f  x[(t)  =  xi(t)(e  -  (3{xi(t)  +  x2(t)))  +  as(t)(l  -  s(t))(x2(t)  -  xi (t)),  2q(0)  =  x?, 

\  x2(t)  =  x2(t)(e  -  f3{xi(t)  +  x2(t)))  +  as(f)(l  -  s(f))(xi(t)  -  x2(t))  -  u(t),  x2(0)  =  x2, 


rpp  xi(t)  >  0,  x2(t)  >0  —  pa3Mepbi  nonyjiHpiiii  b  nepno,ii,  t  Ha  3aKpbiTOi"i  h  otkpbitoh  TeppiiTopirax;  e  — 
(3(xi(t)  +  x2(t))  —  (JjyHKpiiH  ecTecTBeHHoro  pocTa  nonyjunp-ii-i;  u(t)  >0  —  pbi6ojiOBeu,KHe  yci-unra  apTejin  b 
nepiio,a,  t;  s(t )  >0  —  ,zi,ojih  3anoBe^HOH  nacTi-i  BqgoeMa  i-i  a  —  K03<J>4Hm,i-ieHT  Miirpaqini. 

Tor,a,a  Bbiiirpbim  i-irpoxa  Ha  6ecKOHeHHOM  nepHqge  BpeMemi  HMeeT  BH/t 

pOO 

J=  e~pt[u(t)(p  —  cu(t))]dt,  (2) 

Jo 

rpp  c  —  3aTpaTbi  Ha  bbijiob  ii  p  —  pbraouHaa  peHa  buopecypcoB. 

Mbi  HCCJiepyeM  cjiepyromiiii  <J)yHKii,HOHaji,  onpepejiHioipi-iH  Bbiiirpbim  rocypapcTBa: 

pOO 

1=  e~pt[m{x\{t)  —  xi)2  +  {x2(t)  -  x2)2]dt,  (3) 

Jo 

rpe  xi,  X\  —  pa3Mepbi  nonyuapnii,  onTHMajibHbie  pjia  BOcnpoH3BOln,CTBa,  m  -  niTpacJ)  3a  OTKjiOHeHiie  ot  cocto- 
aHHH  (xi,x2).  3pecb  /  —  sto  3aTpaTbi  peHTpa  Ha  BOCCTaHOBjiemie  nonyjunp-iH. 

Hac  HHTepecyeT  oniriMajibHoe  no  Hsrny  pernem-ie  nocTaBjieimoH  sapami.  Jfjisi  ero  onpepejieHHH  6buio  iicnojib- 
30BaHO  ypaBHem-ie  raMiuibTOHa-5lKo6H-BejijiMaHa.  TaK»ce  HaiipeHO  aciiMnTOTHHecKoe  pememie  paHHoii  3apanH. 
ffjisi  onpepejieHHH  onTHMajibHoro  pemeHiia  pa3pa6oTaH  KOMnjieKC  nporpaMM  h  npoBepeHO  HiicjieHHoe  Mopejin- 
poBaHiie. 
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Bioresource  Management  Problem  with  Changing  Area  for  Fishery 

Mazalov  V.V.,  Rettieva  A.N. 

Institute  of  Applied  Mathematical  Research  KRC  RAS,  Karelia,  Petrozavodsk,  Russia 

The  model  of  bioresource  management  problem  is  developed,  taking  into  account  migratory  exchange  between 
the  two  parts  of  the  reservoir  with  infinite  planning  horizon.  Hamilton- Jacobi-Bellman  equation  was  applied  to 
determine  the  Nash  equilibrium.  Also  steady  state  solutions  were  found.  The  complex  of  programs  for  finding 
the  optimal  decision  was  developed  and  the  numerical  modelling  was  carried  out. 
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MATEMATHHECKHE  KOHKYPEHTHblE  MOTTEJTIT  AYKIJHOHOB  C 
MHOrOArEHTHbIM  B3AHMOAEHCTBHEM 

Majia4>eeB  O.A.,  rpnpaH  K.H. 

CaHKm-nemepSypscKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

B  pa6oTe  paccMOTpeHBi  MaTeMaTimecKiie  KOHKypeHTHBie  MO^ejin  ayKipiOHOB  c  MHoroareHTHBiM  B3aiiMO,a,eiicTBii- 
eM,  MO,a,ejii'ipyiomi'ie  SKOHOMimecKiie  KOHcjDjniKTHBie  npopeccBi  Kynjiii-npo,n,a:>Kii  ayKpuoHHoro  Tima.  BnepBBie 
iisynemie  KOHKypeHTHBix  MaTeMaTHuecKHx  MO^ejieii  ayKnyiOHOB  Hauaji  B.  BiiKpii  b  1961  ro,n,y. 

B  ^,aHHOi“i  pa6oTe  nocTpoeHBi  n  uccjie^OBaHBi  MO^ejni  ayKip-iOHOB  co  MHoriiMii  npo^aBpaMii  Tima,  yKa3aHHoro 
b  3arjiaBiin.  <PopMajiii3yiOTCJi  h aM h [  1  ec k h e  MO^ejm  ayKipiOHOB  c  KOHeuHBiM  hhcjiom  noKynaTejieii  h  KOHeuHBiM 
hhcjiom  npo^aBpoB. 

Ilpii  nocTpoeHiiii  MO^ejieii  ayKipiOHa  co  mhoi  hmh  npo^aBpaMii  iicnojiB3yiOTCJi  3aKpbiTBie  ayKpiiOHBi  nepBoii 
11  BTopoii  peHBi.  IIpn  3tom  KOHenHoe  hiicjio  npo,n,aBij,OB  o^,HOBpeMeHHO  11  He3aBiiciiMO  APyr  ot  ,npyra  11  ot  no¬ 
KynaTejieii  BBiCTaBjmiOT  Ha  Topni  Kanynpin  cboii  jiot,  iiMen  ero  on,eHKy  h  yKa3BiBan  n,eHy,  a  KOHenHoe  hiicjio 
noKynaTejieii  o^,HOBpeMeHHO  n  He3aBiiciiMO  ,npyr  ot  .npyra  H  ot  npo^aBpoB  Ha3BiBaiOT  cboii  peHBi  no  Kanc^OMy 
BBiCTaBjmeMOMy  Ha  Toprn  JiOTy,  11  Men  no  hum  cboii  opeHKii.  Ilocjie  3Toro  ap6iiTp  onpe^ejiaeT  BBiiirpaBimix 
noKynaTejieii  n  npo^aBmux  TOBap  npo^aBpoB.  B  cooTBeTCTBini  c  npaBiuiaMii  aynpiiOHa,  KOTopnie  no^po6HO 
omiCBiBaiOTCJi  b  pa6oTe,  npe^nojiaraeTca,  hto  hiicjio  npo^aspoB  He  npeBBimaeT  nucjia  noKynaTejieii  n  Kanc^OMy 
ynacTHiiKy  aynpiiOHa  H3BecTHBi  <J>yHKii,HH  BBiurpBima  Bcex  areHTOB.  .Hot  nojiynaeT  noKynaTejm,  Ha3BaBimni 
m aKCiiM ajiBHy  10  n,eHy  3a  stot  jiot.  B  cjiynae,  ecjin  Ha  o^hh  jiot  npeTeH^yeT  hcckojibko  noKynaTejieii  c  o^imaKO- 
Boii  peHon,  Menyny  hhmh  pa3BirpBiBaeTCH  aynpiiOH  c  o^hiim  npo^,aBu,OM.  Ha  btopom  mare  npopecc  noBTopneTCH  c 
MeHBmiiM  KOjnmecTBOM  npo^aBpoB  n  noKynaTejieii  (yzi,ajijnoTCH  npo^aBpBi,  peajiii30BaBmiie  jiotbi,  ii  KyniiBmue 
hx  noKynaTejm).  npopecc  3aKaHHiiBaeTcn  nocjie  Toro,  KaK  Bee  npo^aBii,Bi  npo^a^yT  cboii  jiotbi. 

C  noMompio  HiicjieHHBix  mcto^ob  naimeHBi  paBHOBecim  KypHO-Hsma  n  KOMnpoMiiccHBie  pememiH  npn  pa3- 
jihhhbix  napaMeTpax  MO^ejieii.  BBiBe^eHBi  cjjopMyjiBi  nucjia  maroB  aynpiiOHOB  b  3aBncnMOCTH  ot  napaMeTpoB, 
uccjie^OBaHa  aciiMnTOTiiKa  nucjia  maroB  npn  yBejiiiHeiinn  nucjia  areHTOB. 
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Mathematical  competetive  models  of  auctions  with  many-agent  interaction 

Malafeyev  O.A.,  Gritsay  K.N. 

Saint  Petersburg  State  University,  Russia 

Mathematical  competitive  auctions  models  with  many-agent  interaction  are  considered,  which  model  economical 
buy-sell  conflict  processes  of  auctions  type.  Auctions  with  many  sellers  are  constructed  and  studied.  Dynamical 
sealed-bid  auctions  with  finite  number  of  sellers  and  buyers  are  formalized.  Cournot-Nash  equilibrium  points 
and  compromise  solutions  are  found  by  means  of  numerical  methods. 
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HEJIHHEHHA5I  flHHAMHMECKAa  KOHKYPEHTHA5I  MO^EJIb 

akd;hohhpobahhoh  onPMbi 

MajiacJ)eeB  O.A.,  KoHCTaHTHHOB  A.M. 

CaHKm-nemepSypzcKuu  gocydapcmeenHuu  ynueepcumem,  Poccuh 

B  paSoTe  paccMaTpiiBaeTCH  HejumeftHaji  KOHKypeHTHan  .zpmaMHHecKaH  MO,n,ejiB  cjmpMBi  F,  Bjia,n,ejiBii,Bi  koto- 
poii  —  aKip-iOHepbi  cocTaBjimoT  KOHeuHoe  MHoacecTBO  N  =  {1,2,...,  ?z}  =  {<}{  B  iiaHajiBHBiii  momcht  BpeMemi 
<o  =  0  aKpiiOHepbi  BKjia/pjBaiOT  b  Hee  cboii  KamiTajiBi  Kf,  i  £  N,  Y”  ,  Kf  =  K°.  OiipMa  ({ymap-iOHiipy- 
eT  Ha  KOHeHHOM  npoMeacyTKe  BpeMemi  h  b  Kaayn,BiH  momcht  <  BBinycKaeT  o,n,Hopo,ii,Hyio  npo,nyKii,Hio  b  o6i>eMe 
Q(t)  =  q{K)K{t )  (r^e  q{K)  —  npoii3BO,a,HTejiBHOCTB  KamiTajia),  KOTopyio  b  ^ajiBHeimieM  peajni3yeT  Ha  pbiHKe 
no  H3MeH5nom,HMCH  peHaM  p{t).  Tam-iM  o6pa30M  poxop  ot  peajiH3an,HH  npopyKipm  Ha  pbiHKe  b  momcht  BpeMemi 
<  paBen  Q(t)p(t)  =  P(t).  ,I],0X0A)  nojiyneHHBiH  ot  npopaacn  TOBapa,  upeT  Ha  hhb6Cthh,hh  /(<)  h  piiBiipeH- 
pBi  D(t),  KOTopnie  pacnpepejunoTCH  Meacpy  aKipiOHepaMii  b  nponoppiin  HauajiBHBix  KaniiTajiOB.  Hhb6Cthii,hh 
b  cboio  onepepn  pacxopyiOTCH  Ha  yBejnmeHiie  KamiTajia  cjmpMBi,  H3MepsieMoe  ckopoctbio  H3MeHemm  KamiTa- 
jia  K  =  dK  (<)  / dt,  h  na  aMopTH3aii,Hio  nponoppuoHajiBHyio  o6i>eMy  Texymero  KamiTajia,  H3MepjieMoe  hopmoh 
aMopTH3aii,HH  a.  OTCiopa  nojiyuaeM  ypaBHeime  pHHaMHKH  H3MeHeHira  KamiTajia: 

n 

Kit)  =  K(t)(q(K)p(t )  -  a)  -  D{t),  K( 0)  =  K°  =  £  K°. 

i— 1 

PaccMaTpi-iBaeTCH  piiCKpeTHaa  annpoKCHMapHsi  Mopejm.  ITpn  stom  ocymecTBjineTCJi  pasbiieime  BpeMeiiHoro 
npoMeacyTKa  Ha  KOHemioe  hiicjio  HHTepBajiOB  a  =  {[<o,<i],  (<i,<2],  •  •  • ,  (<TO-i,  <TO]},  rpe  <o  =  0,  tm  =  T  OTCiopa: 

n 

Ki  =  +  [K(t)(q(K)p(t)  -  a)  -  D(t)],  K( 0)  =  K°  =  £  K® . 

i= 1 

AonycTHMBiM  ynpaBjieiineM  b  Mopejni  Ha30BeM  KycoHHO-nocTOHHHyio  {jyHKpiiio  D{i),  t  €  [0,T],  ypoBjieTBO- 
pmoipyio  cjiepyiomeMy  HepaBeHCTBy:  0  <  D{t)  <  Dmax,  rpe  Dmax  >  0  -  nanepep  3apaHHoe  hiicjio.  06o3HaHiiM 
MHoacecTBO  ponycTHMBix  ynpaBjieHHii  i-ro  areHTa  Ul.  J^oxorom  aKipiOHepa  b  Mopejni  HBjraeTCsi  piiCKOHTiipoBaH- 
Haa  cyMMa  piiBiipeHpoB,  BBinjiauiiBaeMBix  paHHOMy  aKipiOHepy,  h  uacTB  BBipyueHHOH  cyMMBi,  nojiyHeHHoii  ot 
npopaiKH  cjmpMBi  b  koh6hhbih  MOMeHT  BpeMemi . 

m 

Hi{D{-))  +  1)  +  kte-cTK(T), 

j=i 

rpe  C  >  0  —  K03(J)<J)HH,HeHT  ,H,HCKOHTHpOBaHHH,  di  —  K03(J)(J)HH,HeHT  nOJie3HOCTH.  HlICJieHHBIMII  MeTOpaMII  Haiipe- 
hbi  paBHOBecHBie  peineHira  KypHO-Hsma  h  KOMnpoMiiccHoe  pemeHiie  npn  pasjniHHBix  3HaHeHiiax  napaMeTpoB. 
PaboTa  nopnepacaHa  rpaHTOM  POOH  JY®  06-06-80509. 
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Nonlinear  Competitive  Dynamical  Model  of  Joint-Stock  Company 

Malafeyev  O.A.,  Konstantinov  A.M. 

Saint  Petersburg  State  University,  Russia 

A  nonlinear  competitive  dynamical  model  of  a  joint-stock  company  is  constructed.  Finite  number  of  stockholders 
input  their  capitals  in  an  initial  time  moment.  Company  is  operated  over  a  finite  time  interval  and  at  every 
moment  outputs  homogeneous  goods,  and  then  sells  them  for  changing  it  time  prices.  Profit  functions  of  the 
stockholders  are  different.  So  we  get  a  nonlinear  competitive  process,  for  which  Cournot-Nash  and  compromise 
solutions  are  found  by  means  of  numerical  methods. 


TEOPHH  HPP  H  EE  IIPHJ10PKEHHX  B  MEHEJJ/KMEH 1  'E 
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MHOrOArEHTHOE  B3AHMOAEHCTBHE  B  flHHAMHMECKHX  CET5IX 

C  HEJTHHEHHbIM  YCHJIEHHEM 

MajiacJjeeB  O.A.,  IIap4>eHOB  A. II. 

CaHKm-nemepSypzcKuu  zocydapcmeennuu  ynueepcumem,  Poccusi 

PaccMaTpi-iBaeTCH  MHoromaroBBin  npopecc  i-mBecTi-ipoBam-iH  npoeKTOB  rpynnoii  HHBecTopoB  —  aKipiOHepoB,  iih- 
TepecBi  Kanygoro  113  kotopbix  onpe^ejunoTCH  ero  co6cTBeHHOi"i  cjDyHKnyien  nojie3HOCTi-i.  CiiCTeMa  noTeHipiajiB- 
ho  ocymecTBiiMBix  i-iHBecTi-m,i-iOHHBix  npoeKTOB  3a,n,aeTCH  nocpe,n,CTBOM  cnen,najiH3npoBaHHoro  rpacjm  —  ceTii  c 
(JjyHKHHeH  nponycKHoii  cnoco6HOCTH,  OTpantaiomeH  orpaHiinemiH  na  iiHBecTiin,iiOHHBie  bo3mo>khocth  .gaHHon 
rpynnni  HHBecTopoB,  ,n,iiKTyeMBie  npoH3BO,n,CTBeHHBiMH,  BpeMeHHBiMH  h  neKOTopBiMii  ^pyriiMi-i  cjraKTopaMH.  A0- 
xo,a,Bi,  nojiynaeMBie  ot  peajiH3an,HH  iiHBecTiipiiOHHBix  npoeKTOB,  onpe^ejunoTcn  nocpe,n,CTBOM  KoacjjcjjimHeHTOB 
ycnjieHHH,  3a^aBaeMBix  jih6o  Ha  pe6pax,  jih6o  b  y3Jiax  cerrn.  KanygBiii  noTOK  b  ceTii  Tanoro  po,n,a  onpe^ejineT 
ocym,ecTBjieHiie  coBOKynHOCTH  HHBecTHpnoHHBix  npoeKTOB,  3a,n,aioni,Hx  3HaneHne  nojie3HOCTH  Kanygoro  HHBecTO- 
pa.  ripHHHTHe  b  ^aHHoii  MO,n,ejiH  KaKoro-jin6o  npnnpnna  onTHMajiBHOCTi-i  KOHKypeHTHoro  hjih  KOonepaTHBHoro 
Tima  ^.HKTyeT  HHBecTopaM  cooTBeTCTByioin,HH  xapaKTep  MHoroareHTHoro  B3aiiMO,n,eHCTBHH.  B  pa6oTe  pemeH 
psm  njijnocTpaTHBHBix  npi-iMepoB,  b  nacTHOCTH  HaH^eHhr  ko m ii p o m h c c h hi e  h  paBHOBecHBie  pemeHiiH  flflSl  MO,H,e- 
jieii  c  He6ojiBnniM  hiicjiom  3a,n,aioiii,Hx  i-ix  napaMeTpoB,  nocTpoeHBi  ii  nncjieHHO  peajin30BaHBi  cooTBeTCTByromne 
ajiropiiTMBi. 

KpoMe  toto  nocTpoeHa  ii  HCCJie,n,OBaHa  HejinHenHaH  ^HHaMnnecKan  MO,n,ejiB  MHoroareHTHoro  ceTeBoro  B3an- 
MO^eiicTBHH,  b  KOTopoii  napaMeTpBi  BBimeonncaHHoro  npopecca  hsmchhiotch  b  paMKax  MHoroaTanHoii  3BOjnon,nn 
Bceii  cncTeMBi.  3,n,ecB  Taunte  pemen  pnyi,  KOHKpeTHBix  npi-iMepoB  ii  HaimeHBi  c  noMOin,Bio  nncjieHHBix  MeTO,n,OB 
MO,n,H4)Hn,HpoBaHHBie  paBHOBecHBie  peinemiH  KypHO-Hsma,  kom i  ipoM hcc h hie,  j i e kc h ko i  p acj) n ' i ec k n e ,  paajnuiHhiM 
o6pa30M  CBepHyTBie  scJxtieKTHBHBie  pememin. 

PaSoTa  noAHepncaHa  rpaHTOM  POOH  N2  06-06-80509 
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Many- Agent  Interaction  in  Dynamical  Networks  with  Non-Linear  Gains 

Malafeyev  O.A.,  Parfenov  A.P. 

Saint  Petersburg  State  University,  Russia 

A  non-linear  dynamical  model  of  many-agent  interaction  in  networks  is  constructed  and  studied.  Parameters 
of  the  model  are  changed  with  time  which  is  discrete.  Compromise  points,  modified  Cournot-Nash  solutions, 
lexicographic  solutions,  convolved  Pareto  solutions  of  the  model  are  considered.  Algorithms  to  find  solutions  are 
given  and  by  means  of  numerical  methods  a  number  of  examples  are  solved. 
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MHOrOKPHTEPHAJTbHblE  3A^AHH  HEJIHHEHHOrO  YIIPABJIEHH5I 

H  H^EMnOTEHTHblH  AHAJ1H3 

MajiacJaeeB  O.A.,  Pa^nemco  A.KD. 

CaHKm-nemepSypzcKuu  socydapcmeenHuu  ynueepcumem,  Poccusi 

Iiccjie^yiOTCH  MHoroKpuTepnajibHbie  3aAaun  HejiiiHeimoro  ynpaBjieHiisi,  KOTopbie  c]3opMajin3yiOTCJi  b  TepMrmax 
H^eMnoTeHTHoro  aHajiii3a  Tam-ie  KaK,  HanpiiMep,  AnsaMHuecKaji  3aAaua  o6cjiy»aiBaHiiH  ci-iCTeMbi  cocTOHin,eii  H3 
nocjie,a,OBaTejibHOCTH  cepBepoB  h  6y4iepa,  accopimpoBaHHoro  c  nepBbiM  cepBepoM.  KaucAbiii  KjnieHT  aojijkch 
6bitb  o6cjiy»ceH  BceMii  cepBepaMii  b  onpe^ejieHHoii  nocjieAOBaTejibHOCTii:  OrpaHimeHHoe  KOjmuecTBO  KjineHTOB 
npn6biBaeT  b  6y<J>ep  cucTeMbi  o6cjiy»aiBaHiiH  OAHOBpeMeHHO,  h  KaxAbiii  ona-maeT  CBoeii  oaepe^H  Ha  o6cjry>KH- 
BaHiie.  npn6biBaH  b  cucTeMy  o6cjiy»aiBaHHH,  KjineHTbi  nona,a,aiOT  b  6y(J>ep  h  ona-maiOT  CBoeii  ouepeAii-  A™ 
Toro  hto6h  o6cjiy»aiTb  KjnieHTa,  Ka:*AOMy  cepBepy  Heo6xoAHMO  CBoe  onpe^ejieiiHoe  KOJiimecTBO  TaKTOB  Bpe- 
Memi.  3a,a,aHbi  MOMeHTbi  BpeMeHii  npii6biTHH  KjnieHTa.  Ecjih  6y<J>ep  nycT  h  ^aHHbiii  cepBep  CBo6oAeH,  KjnieHT 
cpa3y  6ya,eT  o6cjiy:»ceH  stiim  cepBepoM.  Ecjih  HeKOTopbiii  cepBep  yxe  3aKOHHiui  o6cjiy>KHBaHHe  onpeAejieiinoro 
KjnieHTa,  a  cjie^yromiiH  Bee  eiu,e  3aHHT  c  npe^bi^ymiiM,  to  ^aHHbiii  cepBep  ^,oji»ceH  >KAaTb.  OopMajinsapiiH 
BbimenepeHiicjieHHbix  ycjiOBHii  no3BOJuieT  onucaTb  MOAejm  b  TepMimax  i-meMnoTeHTHoro  aHajiii3a.  II pH  stom 
KjnieHT  3a  bchkhh  TaKT  BpeMeriii  o>KH,ii,aHHH  b  6y(t>epe  TepraiT  y6biTOK,  npimeM  3aBi-ici-iMOCTb  y6biTKa  Hejin- 
HeiiHaji.  TaKHM  o6pa30M,  ccj^opMupoBajiacb  MHoroKpiiTepnajibHaji  3aAaua  KOHKypeHTHoro  Tima.  Jlfln  stoii  3a- 
Aaun  na  ocHOBe  nocTpoeHHoro  ajiropiiTMa  b  pe3yjibTaTe  uiicjieHHoro  SKcnepiiMeHTa  HaimeHO  KOMnpoMiiccHoe 
pernem-ie.  Taunte  cjiopMajin30BaHa  b  paMKax  imeMnoTeHTHoro  aHajni3a  h  uccjie^OBaHa  AHHaMiiuecKaji  MO^ejib 
ciiHxpoHH3au,Hii  MHorosTanHoro  npon3BO^i,CTBeHHoro  npopecca,  c  kotopbim  accopmipoBaHbi  HecKOJibKO  cjiyHK- 
piiOHajiOB  KanecTBa.  IIpHBe^eHbi  uiicjieHHbie  pemeHim  npiiMepoB,  b  kotophx  Haii^eHbi  KOMnpoMiiccHbie  tohkii 
AJih  cjiynaa  Tpex  cjiyHKpHOHajiOB  KauecTBa.  B  KauecTBe  npopecca  b3hto  npoii3BOACTBO  KOHeuHoro  npoAyKTa 
Ha  TexHOJioriiHecKoii  jihhhh,  cocTOJnu,eii  H3  Tpex  CTaHKOB,  KOTopbie  nocjie^OBaTejibHO  o6pa6aTbiBaiOT  ^eTajm 
Tpex  Ti-moB.  PaccMaTpiiBaeMaa  ciiCTeMa  iiMeeT  noTOHHyio  CTpyKTypy,  to  ecTb  Bee  ^.eTajiii  npoxoAHT  o6pa6oT- 
Ky  b  onpeAeuemiOH  nocjie^OBaTejibHOCTii,  h  aojihchbi  6biTb  o6pa6oTaHbi  Ha  Kas^OM  CTaHKe  ne  6ojiee  OAHoro 
pa3a.  OiiKCiipyeTCsi  nocjie^OBaTejibHOCTb  o6pa6oTKii  ^eTajieii  CTaHKaMii  h  ctpohtch  rpacj),  BepmiiHbi  KOToporo 
cooTBeTCTByiOT  ko m 6 h h a p h h m  H3  CTaHKOB  H  ^eTajieii,  a  Ayrn  nocjieAOBaTejibHOCTii  onepapiiii  CTaHKOB.  ,H,aH 
HaHajibHbiii  BeKTop,  ajieMeHTbi  KOToporo  o6o3HauaiOT  TaKTbi  BpeMeHii,  b  KOTopbie  AeTajm  roTOBbi  k  o6pa6oTKe 
ii  CTaHKH  roTOBbi  nanaTb  pa6oTy.  TaK»ce  iiMeeTCH  bbixoahoii  BeKTop  toii  »ce  pasMepHOCTii,  KOMnoHeHTbi  koto- 
poro  o6o3HaHaiOT  TaKTbi  BpeMeHii,  b  KOTopbie  AGTajin  o6pa6oTaHbi  h  MamiiHbi  3aKOHHnjm  paboTy.  MeTOAaMii 
HAeMnoTeHTHoro  aHajni3a  BbiuiicjuieTCJi  nepexoAHaa  MaTpupa  ot  HauajibHoro  BeKTopa  k  KOHeuHOMy,  KOTopaa 
onpeAeaaeT  cxopocTb  pa6oTbi  Bceii  Ci-iCTeMbi.  Ha  kohchhom  MHoacecTBe  a^hh  TaKTa  BpeMemi  3aAaHbi  cjiyHK- 
AiiOHajibi  KaaecTBa:  4)yHKH,na  3KcnoHeHH,naiibHoro  BiiAa  rjik  pacxoAa  pecypca  b  naTypajibHOM  BbipaaceHiiii, 
HanpiiMep,  sjieKTpimecTBa  h  ra3a,  cjiyHKAiia  jiorapucjjMHHecKoro  BiiAa  rjih  Bbinycxa  npoAyKH,nn  b  HaTypajib- 
hom  BbipaaceHiiii  h  (f)yHKu,HOHaji  Ha  MaTpupe  CKopocTii  pafioTbi  Ci-iCTeMbi.  PemeH  npiiMep  —  rjik  KOHKpeTHbix 
HiicjieHHO  3aAaHHbix  cjjyHKAHOHajiOB  HaiiAeHO  KOMnpoMHCCHoe  pemeHiie.  HccjieAOBaH  paA  APy™x  3aAan. 
Pa6oTa  noAAepacaHa  rpaHTOM  POOH  JYa  06-06-80509. 
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Multicriteria  Non-Linear  Control  Problems  and  Idempotent  Analysis 

Malafeyev  O.A.,  Radchenko  A.J. 

Saint  Petersburg  State  University,  Russia 

Multicriteria  non-linear  control  many-step  processes  are  considered  and  formalized  in  terms  of  idempotent 
analysis.  Some  applied  problems  are  described.  Competitive  solutions  are  given  by  means  of  numerical  methods. 
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ob  oahok  nrpoBon  3Aaahe  iipecjieaobahm,  onncBiBAEMoro 

HEJlUHEEtHBIMH  yPABHEHHflMH  B  HACTHBIX  nPOH3BOAHBIX 

MaMHTOB  M.III. 

Hav/uonaAfynuu  ynueepcumem  YsSeKucmaHa,  TamKenm,  YsOeKucmaH 


PaccMaTpi-iBaeTca  cjie,nyioin,aa  iirpoBaa  3a,a,aHa  npecne^OBaHiia,  omiCBiBaeMaa  ypaBHemiaMii 


§  =  2'/KI?  +  /(“'t’))  • 

Z(x,  0)  =  g(x),  0  <  x  <  1 , 
Z(0,  t)  =  Z(  1,  i)  =  0,  0  <  t  <  T , 


(1) 

(2) 

(3) 


iyje  (x,  t)  €  D  =  {(#,  t)  :  0  <  x  <  1,  0  <  t  <  T}  ,  u  €  P,  v  €  Q,  P  a  Q  —  KOMnaKTBi,  g  :  (0, 1)  — >  R  h 
f-P  x  Q  — >  R  —  HenpepBiBHBie  cfyHKHHH,  u  h  v  ynpaBjiaiomne  napaMeTpBi,  u  -  napaMeTp  npecjie,n,OBaHi'ia,  v 
napaMeTp  y6eraHiia. 

Hrpa  CHiiTaeTCH  okohuchhoh,  ecjin  /yin  neKOToporo  (xo,to)  €  D  :  |2(a;o,io)  —  Zq\  <  £,  iyi,e  Zq  ii  £  >  0  — 
3apaHee  3a/i,aHHBie  uucjia. 

CoBOKynHOCTB  y3JiOB,  o6pa3yioin,iixca  b  pe3yjiBTaTe  nepeceuemia  npaMBix  x.,  =  ih ,  i  =  1,  2, . . . ,  n  —  1  u 
tk  =  kl ,  ft  =  0, 1, . . . ,  r  —  1  npe^CTaBjraeT  co6oi“i  npaMoyrojiBHyio  ceTKy,  KOTopyio  mbi  o6o3HauiiM  uepe3  D+\ 
Ha  3toi"i  ceTKe  3amimeM  cne/iyiomiie  oueBip/Hwe  cooTHomeHiia 


dZ 

dt 


( Xi,tk ) 


Zi:k—1  Z^k 


+  0(1), 


(4) 


d2Z 


dx 2 


Zi—\^k  ^Zik  T  Zi^-ik 

h? 


0(h 2), 


r^e  /yia  coKpamemia  3anncH  nojio»ceHO  Z(ih,kl)  =  Z(xi,tk)  =  Zitk  ■  Bbipaxemie  0(ya) ,  a  >  0  03HanaeT 

BejiHHHHy,  /yin  KOTopofi  lim  °^va  ^  =  C ,  rpg  C  —  neKOTopaa  nocToaHH an .  Bo3BMeM  TenepB  ypaBHemie  (1)  b 

y — >o  y 

KaKOM-an6o  y3Jie  ( Xi,tk )  G  P(ft)  h  no/ipraBHM  Ty/ja  cooTHomeHiia  (4).  nojiyuiiM 


Ji,k+ 1 


-  z, 


i,k 


i 


—  2  \J  Zitk 


Zi~i,k  —  2  Z, 


i,k 


Ji+l,k 


h 2 


+  f(^i,ki  V i,k )  )  +  0(1  -\ “  ft  )  • 


(5) 


OT6pacBiBaa  b  (5)  Majiyio  BeananHy  0(1  +  ft2),  KOTopyio  b  ,a,aaBHei“imeM  6yn,eM  na3BiBaTB  norpemnocTBio 
amrpoKCHManHH,  h  npiiHiiMaa  bo  BHiiMamie  tiaaaaBHBie  h  rpaHiiaHBie  ycjiOBi-ia  (2),  (3),  HaniimeM  cae^,yiomyio 
ceTOHHyro  nrpoByio  3a^,aay 


%i,k+ 1  Z^k 

l 


2  Zi}k  +  Zi+i}k 


+  f(/Ui,kl'Uik) 


(6) 


i  =  1,2,  . . . ,n  -  1;  k  =  0,1,  . . .  ,r  -  1; 


Zi$  =  g(ih),  i  =  1,2, ..jin  —  1,  (7) 

Z0,k  =  Zn,k  =  o,  ft  =  0, 1, . . . ,  r.  (8) 

nojiyaeHBi  ^.ocTaToaHBie  ycaoBiia  fljia  bo3mojkhoctii  3aBepmeHiia  npecae^OBaHiia  b  iirpe  (l)-(3)  c  noMom,Bio 
ceTOHHBix  nrpoBBix  3a^,aa  (6)- (8). 


On  a  Game  Problem  of  Pursuing  Described  by  Nonlinear 
Partial  Differential  Equations 

Mamatov  M.Sh. 

The  National  University  of  Uzbekistan,  Tashkent,  Uzbekistan 

The  work  is  devoted  to  studying  a  problem  of  pursuing  controlled  by  the  nonlinear  partial  differential  equations. 
Sufficient  conditions  for  the  possibility  of  pursuing  termination  with  the  help  of  net  game  problems  are  obtained. 
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METOA  nOCJIEAOBATJTbHblX  nPHBJIH>KEHHH  AM  OTbICKAHM 
XAPAKTEPHCTHHECKOH  OYHKIjnH  JTHHEHHO-KBA^PATHHHblX 

kooiiepathbhhx  AMOEPEHijnAJibHbix  nrp 

MapKOBKHH  M.B. 

CaHKm.-nemep6yp2CKUu  eocydapcmeenHuu  ynueepcumem,  Poccuh 

J^jisi  nocTpoeHiia  xapaKTepi-iCTi-iuecKOH  (j)yHKHHH  jiiiHei"iHO-KBa,a,paTiiaHbix  KOonepaTi-iBHBix  ^iicjjcjDepeHpiiajiB- 
hbix  nrp  B03Hi-iKaeT  Heo6xo,a,i'iMOCTB  pememia  MaTpi-iuHoro  ypaBHemia  aHajion-iuHoro  MaTpuuHOMy  ypaBHemno 
PiiKaTTi-i  [1,2,3].  Ochobhoh  npo6jieMOi“i  pememia  SToro  ypaBHemia  HBjiaeTca  neonpe^ejieHHOCTB  iiauajiBHBix 
,a,aHHBix.  B  ^aHHoii  pa6oTe  npe^CTaBjieH  MeTO^i,  nocjie^OBaTejiBHBix  npii6jni>KeHiii“i,  ho3bojijiioiii,hh  o6ohti-i  3Ty 
npo6jieMy  npn  ^onojimiTejiBHBix  orpaHi-iueHinix,  KOTopnie  3aKjnouaiOTCH  b  tom,  hto  no^BiHTerpajiBHBie  cjryHK- 
ii,hh  (JjyHKpiiOHajiOB  BBiurpBima  Bcex  nrpoKOB  hbjihiotch  nojiojKHTejiBHO  (oTpupaTejiBHo)  onpe^eaenriBiMii.  ripn 
iicnojiB30BaHiin  3Toro  MeTO^a  mojkho  iiaxo^HTB  3HaueHiie  xapaKTepucTH'iecKoii  (JjyHKHHH  c  jik>6oi"i  Hanepefl 
3a^3,aHHOl"l  TOHHOCTBIO. 

CucTeMa  ^iicjjcjjepeHpiiajiBHBix  ypaBHemiii,  omiCBiBaiomaji  ^iraaMiiKy  pa3BHTmr  npopecca,  HBjiaeTca  jii-meii- 
Hoii.  lIpe^nojiaraeTCH  6ecKOHeuHoe  BpeMa  OKOHuamisi  Hiphi.  IIpii  saMw KaHHH  ci-iCTeMBi  ^iicjj^epeHpiiajiBHBix 
ypaBHemiii,  omiCBiBaioiiiyio  ^HHaMHKy  pa3BHTHH  npopecca,  .gonycTi-iMBiM  Ha6opoM  ynpaBjiemiii  Ha6opoM  ynpaB- 
jieHHft,  ci-iCTeMa  CTaH obi-itch  SKcnoHempiajiBHO  ycToftuHBoft. 

XapaKTepi-iCTi-raecKaH  (JiyHKHHH  onpe^ejiaeTca  xax  Hai-ijiymm-iH  otbct  Koajimi,HH  Ha  ^eiiCTBiia  aHTHKoajinpHH 
npn  ycjiOBiiii,  hto  HrpoKH,  cocTaBjimomne  aHTHKOJinpHio,  i-icnojiB3yiOT  b  KauecTBe  cboi-ix  CTpaTermi  ynpaBjiemiH, 
KOTopnie  bxo^ht  b  Hadop  ynpaBjiem-iH,  hbjbhoiuhhch  paBHOBecneM  no  Harny. 
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An  Iterative  Method  for  Deducing  a  Characteristic  Function  of 
Linear-Quadratic  Cooperative  Differential  Games 

Markovkin  M.V. 

Saint  Petersburg  State  University,  Russia 


A  successive  approximation  method  is  proposed,  allowing  for  the  prediction  of  a  characteristic  function  of 
linear-quadratic  cooperative  differential  games  with  any  accuracy. 
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CBOHCTBO  CynEPAAAHTHBHOCTH  RJISL  XAPAKTEPHCTHHECKHX 

OYHKIJHH  OCOBOrO  bh^a 

MejifaHHKOB  B.B. 

CaHKm-nemepSypzcKuii  socydapcmeennuu  ynueepcumem,  Poccusi 

ripii  nocTpoeHiiri  TeopeTiiKO-iirpoBoii  MO^ejin  KOonepaTiiBHoro  noBe,n,eHiiH  iicnojiB3yeTCH  no^xo,n,,  kotopbih  mojk- 
ho  ycjiOBHO  pa36iiTB  Ha  hcckojibko  STanoB. 

1.  flyisi  Kanyupro  nrpoKa  onpe^ejiaeTCH  cjjyHKpiiH  3aTpaT  Kax  cjjyHKiiyiH  hcckojibkiix  nepeMeHHBix:  Ji(x\, . . . ,  xn), 
r^e  Xj  —  CTpaTeniH  i- ro  iirpoxa  (i  =  1 , . . . ,  n) . 

2.  Bbo^htch  KoajiiiH,HH  nrpoKOB  S  kslk  npoii3BOJiBHoe  no^MHoncecTBO  MHOxecTBa  Bcex  iirpoKOB  N,  h  (JjopMiipy- 

eTCH  xapaKTepucTHHecKaa  chyHKpiiH  rnphi:  V(S)  =  min  max  X  Ji. 

i€S  i£N\S  i(zc; 

3.  JlflR  nocTpoeHHoii  xapaKTepiiCTHHecKoii  cjjyHKpiiH  npoBepaeTCH  BBinojiHemie  CBoiicTBa  cynepa^iiTiiBHOCTH 
V(S)  +  V(T)  >  V(SUT),  KOTopoe  moxcho  HHTepnpeTiipoBaTB  kslk  noTemp-iajiBHyio  bo3mo>khoctb  oGne^i-memra 
iirpoKOB  b  6ojibmyio  Koajiim,Hio  N. 

4.  B  cooTBeTCTBHH  c  BBi6paHHBiM  iirpoKaMH  npHHpnnoM  onTiiMajiBHOCTii  CTpoiiTCH  pernem-ie  mpbi. 

IIpii  TaxoM  nqzpco.zi.e  nocTpoemie  xapaKTepiiCTHHecKoii  cjjyHKHHH  V (S)  ocHOBaHO  Ha  npe,n,nojio>KeHHH  o  bo3- 
mojkhocth  BBi6opa  HrpoKaMH  H3  KoajiHH,HH  N\S  TaKHx  CTpaTernfi,  KOTopbie  b  Haii6ojiBmeH  CTeneHii  yBejiiiHii- 
BaiOT  3aTpaTBi  iirpoKOB  H3  KoajiHH,HH  S.  Ho  3to  npe,n,nojio>KeHHe  MOxceT  HaTOJiKHyTB  na  B03pa:»ceHiie  o  Hepa- 
uyiOHajiBHOCTH  TaKHx  fleiiCTBHH,  Tax  kslk  ohii  BjieKyT  3a  co6oi"i  yin,ep6  co6ctb6hhbim  niiTepecaM  iirpoKOB  H3 
MHoncecTBa  N\S.  ycTpaHemiH  no,n,o6Horo  npoTiiBopeui-iH  moxcho  ncnojiB30BaTB  ^pyroii  no,ipco,ii,,  kotopbih 
ym-iTBiBaeT  papiiOHajiBHOCTB  ^eiiCTBiisi  iirpoKOB,  .nance  ecjin  ohii  ne  hbjijuotch  HjieHaMi-i  KoajiHipHH  S  hjih  npocTO 
He  ynacTByiOT  b  npopecce  Koonepapiiii. 

nycTB  x.i  —  CTpaTeniH  nrpoica  i,  KOTopaa  HBjiaeTca  papiiOHajiBHOH  (npneMjieMoii)  rjisi  3Toro  nrpoKa  b 
tom  cjiyuae,  ecjin  oh  ne  BCTynaeT  b  Roani-ipi-iio  c  npyrHMH  ynacTHiiKaMH.  Torna  Koanimna  S  MonceT  rapaHTH- 
poBaTB  ce6e  npn  OTKjiOHeHiin  ee  HjieHaMi-i  ot  OTMeHeHiioii  CTpaTeniii  cne^yiomiiii  ypoBeHB  3aTpaT:  V*(S)  = 

min  Ji(xi£SiXieN\s)-  Mbi  npe^jiaraeM  b  icauecTBe  xapaKTepHCTi-inecKOH  cjjyHKHHH  iicnojiB30BaTB  V*(S). 
ies 

Jin  a  toto  hto6bi  ncnojiB30BaTB  CTaHnapTHBie  cnoco6bi  nocTpoeHiia  pememia  b  TaKOii  iirpe,  Hynmo  npoBe- 
pi-iTB  cbohctbo  cynepaaniiTiiBHOCTH  pjisi  n&HHOH  xapaKTepiiCTHHecKoii  tjjyHKHHH.  K  coacajieHiiio,  oho  He  Bcerna 
BBinojiHaeTca. 

noaTOMy  paccMOTpiiM  6ojiee  y3Kiii"i  Kjiacc  3an,aH,  b  kotopbix  xapaKTepiiCTHHecicyio  <j)yHKii,Hio  V*  ( S )  mojkho 

npe,n,CTaBHTB  b  Bippe  cyMMBi:  V*(S)  =  min  Fi(xi^s)  +  5Z  Gj(%i€N\s)-  B  thkom  Kjiacce  xapaKTepncTH- 

ieS  ies  j€N\S 

necKiix  cJ^yHKH,HH  noaBjiaeTca  bo3mo>khoctb  ,n,OKa3aTejiBCTBa  ycjiOBiia  cynepaaniiTiiBHOCTii  pjm  hhcthbix  bh,h,ob 
(jjyHKHHH  Fi(xi^s)  h  Gj(xieN\s)-  nPH  3 tom  (JjopMyjiiipyiOTca  CTporoe  h  cjia6oe  ycjiOBiia  cynepa^HTiiBHOCTii. 
noaBjiaeTca  bo3mo>khoctb  BBiHiicjieHiia  hhcjiobbix  xapaKTepiiCTiiK,  OTpaacaiomiix  BjinaHi-ie  iirpoKOB  Ha  cJiopMH- 
poBaHiie  KoajiHipHH.  H  Tax  kslk  sth  xapaKTepiiCTHKii  hh^hbh; tyaj [ b h hi  ,h,jih  iirpoKOB  h  KoajiHH,HH,  c  kotopbimii  ohii 
6yn,yT  oGteflHHaTBca,  to  noaBjiaeTca  bo3mo>khoctb  KjiacciicjjimiipoBaTB  iirpoKOB  no  CTeneHii  hx  3HaniiMOCTH  ,n,jia 
KoajiHH,HH,  a  Tanace  MoacHO  yBH,n,eTB  Been  nyTB  cjjopMiipoBaHiia  KoajiHH,HH  h  npocjie,n,HTB  nocjie^OBaTejiBHOCTB 
npiicoe^HHeHiia  k  Heii  iirpoKOB. 


Superadditivity  for  Special  Classes  of  Characteristic  Functions 

Melnikov  V.V. 

Saint  Petersburg  State  University,  Russia 

In  cooperative  game  theory  we  regard  the  characteristic  function  V ( S )  as  a  function  defined  on  various  coalitions 
S  which  gives  a  security  level  for  these  coalition  including  those  consisting  of  a  single  player  and  the  grand 
coalition  N. 

We  use  new  approach  for  definition  of  characteristic  function  in  which  the  actions  of  players  are  rational, 
even  if  they  are  not  entered  into  coalition  S  (see  Petrosjan  L.A.  and  G.  Zaccour  “Time-consist  Shapley  value 
allocation  of  pollution  cost  reduction”,  1999). 
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MOAEJTH  COrJIACOBAHHH  KOJTJIEKTHBHbIX  TPEBOBAHHH 

HayMosa  H.H. 

CaHKm-IJemepSypgcKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 


PaccMaTpiiBaeTCH  3a^,ana  pacnpe^ejieHiia  cjuixcupoBaHHoro  6ecxoHeuHO-,n,e.jiHMoro  pecypca  Me»c^i,y  HecxojiBxn- 
mh  y'racTHHKaMH,  Kor,a,a  xa>xyi,oe  no^MHOxecTBO  S  MHOxtecTBa  yuacTHiixoB  (xoajiHH,HJi)  BBi^BiiraeT  CBoe  Tpe- 
6oBaHiie  v(S)  na  xomiuecTBO  pecypca.  Ee  mojkho  TpaKTOBaTB  KaK  3a^,any  pejieBoro  nporpaMMiipoBamiH,  r^e 
pejieBaa  Touxa  Ha6op  Tpe6oBaHin“i  Koajiim,in“i  (Hea^iiTiiBHaH  cj^yHKpi-iH  mhokcctb),  a  ,n,onycTHMoe  mhojkc- 

CTBO  —  MHO>KeCTBO  BCCX  a.JTJTT-TTT-TBHBTX  (jjyHKHHH  MHOHCeCTB  C  (JuiXCHpOBaHHBIM  3HaueHIieM  Ha  MHOXeCTBC  BCCX 
ynacTHiiKOB  N. 

PaccMaTpiiBaeTCH  HTepaTHBHBifi  npoqecc  m  0^3  h  <f)  h  xa  u  h  h  Tpe6oBamiH  xoajnin,HH.  A113  Ka^Kflofi  KoajiiiH,iiH  S 
3a^,aeTCH  ee  cjryHxnyiH  nojie3HOCTii  gg-  Ha  xa>xyi,OM  mare  nepeoqeHxa  Tpe6oBaHiii"i  iipouaBO/tHTCi-r  tojibko  ajie- 
MeHTaMi-i  o^Horo  paafmeHHi-r  MHO»cecTBa  yuacTHiixoB  Tax,  hto6bi  cyMMa  hx  Tpe6oBaHHi"i  6bijia  paBHa  o6m,eMy 
KOJiiinecTBy  pecypca  h  npupamemiH  hx  nojie3HOCTeii  6bijih  o^imaxoBBi.  (A^h  j i o i  ap h <]:> m h  '  i  ec  k  h  x  cjDyHxnjiH  no- 
jie3HOCTii  3 to  cooTBeTCTByeT  nponopquoHajiBHOH  nepeoqeHxe  Tpe6oBaHiii"i  ajieMeHTaMH  paadueHHH.)  Ecjih  Bee 
B03MO>KHBie  pa36neHiiH  noHBjiHiOTCH  b  3tom  npoqecce  HHKjiH'iecKH,  to  Ha6op  TpeSoBaHiiii  Bcex  xoajiHH,HH  cxo- 
fll-ITCH  K  a.TTHTHBHOH  <J)yHKH,HH  MHOHCeCTB,  nOpOJX^aiOmHH  BCKTOp,  HBJIHK>HI,HHCH  e^HHCTBeHHBIM  pemeHIieM 
3a;(,a'in 


xex™ 


min 

:  x(N)=v(N) 


( gs(t )  -  gs(v(S)))dt, 


rpg  x(S)  =  J2ies  Xi>  X  =  R1  hjih  X  =  (0,  +oo). 

B  cjiynae  nponopu;noHajibHon  nepeopeHKn  nojicxaaiTejiBHBix  TpeGoBamin  nojiynaeM  sa^any  MaKCHMH3au;HH 
B3BeineHHoii  3HTponnn 


max 

x€Rn:  Xi>0,x(N)=v(N ) 


Y  x(S)ln(v(S)/x(S)). 

S:  SCN 


AonojiHHTejiBHBie  CBoiicTBa  pememiH  ho3bojihk>t  hx  omicaTB.  PaBHonpaBi-ie  yuacTHiixoB  h  Tpe6oBaHiie,  hto- 
6bi  ynacTHiiK,  flaromim  o^imaxoBoe  npupamemie  TpeboBamiH  ,zi,jih  Bcex  xoajiHH,HH,  ero  h  nojiyumi,  npiiBO^HT 
k  H3BecTHOMy  BexTopy  IHenjiii  xoonepaTHBHoii  m  pw.  nopoxygaeMOH  Tpe6oBaHi-iHMi-i  xoajiHH,HH,  a  paBHonpa- 
BHe  xoajn-m,HH  h  nojiOHaiTejiBHaa  o,h,hopo,ii,hoctb  pemeHim  ,n,aiOT  pernem-ie  sa^am-i  MaxcHMH3an,HH  B3BemeHHOi"i 
SHTpOmiH. 

nPH  3a^aHHBix  (JjyHxpiiHx  nojie3HOCTii  xoammiiii  onncaHHBie  pememiH  mojkho  Tax>xe  nojiymiTB  axciiOMaTii- 
TCCKH.  nPn  3tom  ocHOBHaa  axcHOMa  —  accopiinpoBaHHaH  corjiacoBaHHOCTB,  Tpe6yK>m,aH  coxpaHemiH  pemeHira 
npn  nepeopeHxe  Tpe6oBaHi-iii  ajieMeHTaMH  pa36HeHira,  flaromeii  iim  o^imaxoBBie  npupamemiH  nojie3HOCTeii. 
PaboTa  6bijia  no^ep^xaHa  rpaHTaMH  POOH  05-01-89005-HBO_a  h  NWO  047.017.017. 


JlmepaTypa 

[1]  L.M.  Bregman  and  N.I.  Naumova.  Lecture  Notes  in  Econ.  and  Math.  Systems,  510  (2002),  495-514. 

[2]  N.I.  Naumova,  Game  Theory  and  Applications,  v.13,  Nova  Science  Publishers,  New  York. 

[3]  JI.M.BpsrMaH,  >KBM  hMO  7(1967),  620-631. 

[4]  JI.M.BporMaH  h  Il.B.PoMaHOBCKiiii,  B  c6.  HccjieflOBamie  oneparpin  h  CTaTiiCTnuecKoe  MOflejnipoBamie,  Bbin.3,  H3,n,aT. 
Jiry,  JlemiHrpafl,  1975,  137-162. 


Models  of  Concordance  of  Collective  Requests 

Naumova  N.I. 

Saint  Petersburg  State  University,  Russia 

For  a  cooperative  game,  the  worth  of  a  coalition  is  treated  as  its  request  in  a  bargaining  process.  For  given 
utility  functions  of  coalitions,  we  consider  an  iterative  process  of  modification  of  coalition  requests.  At  each  step, 
a  considered  partition  of  the  set  of  agents  overestimates  the  requests  of  its  members.  The  sum  of  new  requests 
is  equal  to  the  value  of  the  grand  coalition  and  all  members  of  the  partition  have  equal  increments  of  their 
utility  functions.  If  all  partitions  appear  in  the  process  cyclicly,  then  the  sequence  of  characteristic  functions 
converges  to  an  additive  set  function  that  provides  the  allocation  result.  This  allocation  is  a  unique  solution  of 
a  special  minimization  problem.  The  anonymity  assumption  and  the  "dummy"  property  give  the  Shapley  value. 
The  positive  homogeneity  assumption  leads  to  proportional  overestimations,  then  the  allocation  is  the  weighted 
entropy  solution. 


TEOPHH  HPP  H  EE  IIPHJIOMEHHB  B  MEHEJJMMEHTE 
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KOOIIEPATHBHA5I  CTOXACTHHECKA5I  HrPA  C  KOHEHHbIM 
HHCJIOM  nrPOBbIX  3JIEMEHTOB 

IlapHJiHHa  E.M. 

CaHKm-nemepSypzcKuu  socydapcmeennuu  ynueepcumem,  Poccusi 

BnepBbie  CTOxacTHuecxne  iirpbi  6bijn-i  paccMOTpeHbi  Illenjiii  [1],  B  pa6oTax  [2,3,4]  ^aHbi  onpe^eneHiiH  xoone- 
paTiiBHoii  CTOxacTiiHecKoii  Hipw,  pemeHira  h  flejie»ca  xoonepaTHBHoii  croxacTHHecxoH  iirpbi,  xoonepaTHBHoii 
npope^ypbi  pacnpe^ejieHiia  ^.ejieaca,  a  Tax>xe  nojiyueHbi  ycjiOBiia  pjm  npoBepxn  Ha  no3im,HOHHyio  cocTOHTejib- 
hoctb  pemeHiia,  Bbi6paHHoro  i-irpoxaMi-i.  IToiick  xoonepaTHBHbix  pemeHHit  b  CTOxacTH ' i ec k h  x  nrpax  HBjiaeTca 
aKTyajiBHoii  npo6jieMOi"i,  nocKOJiBKy  c  noMom,bio  CTOxacTiiuecxiix  nrp  mohcho  aq,exBaTHO  MO^ejnipoBaTb  koh- 
cjjjiiiKTHbie  CHTyanHH  b  o6jiacTi-i  MeHe,n,>KMeHTa,  axoHOMiixe,  CTpaxoBaHHH. 

CTOxacTiinecKOH  iirpoii  c  xoHeuHbiM  hiicjiom  nrpoBbix  ajieMeHTOB  Ha3biBaeTca  Ha6op 


G=  (  N,{Y3}]=1,q,-K,{p(i,j,x1)} 


i=l,t,j=l,t,xie  II  xt 


rpfi  N  —  MHOxecTBO  iirpoxoB,  {r1, . . . ,  T*}  xoHeuHoe  MHOxecTBO  nrpoBbix  ajieMeHTOB  (o,n,HOBpeMeHHbix  nrp), 
p(i,j ,  x‘)  —  BepoHTHOCTb  nepexo^a  H3  nrpoBoro  sjieMeHTa  T*  b  nrpoBoii  ajieMeHT  npn  ycjiOBHH  peajiH3au,HH  b 

t 

iirpe  r*  ciiTyapiiH  x1  (p(i,  j\  x3)  >  0,  ^  x3)  =  1),  7r  —  BexTop  HauajibHoro  pacnpe^eaemia  BepoaTHOCTeii 

l=i 

Ha  MHoacecTBe  iirpoBbix  a jieMeHTOB ,  q  —  BepoaTHOCTb  oxoHuaHiiH  iirpbi  Ha  xa>x,n,OM  mare. 

PaccMaTpiiBaeTca  xoonepaTHBHbiii  BapnaHT  G  c Toxac t h ' i ec ko h  iirpbi,  rjisi  3Toro  onpe^ejiaeTca  xapaxTepn- 
CTHHeexaa  cjryHxuyiH  V  (S)  xax  mskchmhh  cyMMbi  MaTeMaTiiuecxiix  OHa-mam-iii  Bbiurpbimeii  iirpoxoB,  Bxoflamux 
b  xoajniH,HK)  S.  Ctpoiitch  xoonepaTHBHaa  npope^ypa  pacnpe^ejieHiia  ,n,ejie>xa.  A361"051  onpe^eaemie  no3im,HOH- 
hoh  cocTOHTejiBHOCTH  pemeHira,  nojiyueHO  ycjiOBiie  .zpra  nocTpoemra  xoonepaTHBHoii  npope^ypni  pacnpe^ejiemra 
,n,ejie>xa,  xoTopaa,  cjraxTHuecxH  npe^CTaBjiaeT  co6oi"i  BbinjiaTbi  nrpoxaM  b  nrpoBbix  ajieMeHTax,  peajni30BaBinHx- 
ca  b  iirpoBOM  npopecce. 
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[4]  Petrosjan  L.A.  "Cooperative  Stochastic  Games"  / /  Advances  in  Dynamic  Games,  Annals  of  the  International  Society 
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Cooperative  Stochastic  Game  with  Finite  Number  of  Game  Elements 

Parilina  E.M. 

Saint  Petersburg  State  University,  Russia 

The  search  of  cooperative  solutions  in  stochastic  games  is  an  actual  problem  because  conflict  situations  in 
management,  economy,  insurance  can  be  appropriately  modeled  with  the  help  of  stochastic  games.  This  work 
is  devoted  to  the  definition  of  a  cooperative  stochastic  game,  its  solution,  imputation  and  cooperative  payoff 
distribution  procedure.  The  equation  for  the  construction  of  the  cooperative  payoff  distribution  procedure  is 
derived.  The  cooperative  payoff  distribution  procedure  represents  the  real  payments  to  the  players  in  the  game 
elements  realized  in  the  game  process. 
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KOOIIEPATHBHblE  CTOXACTHHECKHE 
AMOEPEHIJHAJTbHblE  HrPbl 

IleTpOCHH  JI.A. 

CaHKm- nemep6yp2CKUu  socydapcmeennuu  ynueepcumem,  Poccusi 

ypaBHemiH  ^bh>k6hhm  iiMeiOT  Bim 

dx(s)  =  f[s,  x(s),  wi(s), . . . ,  un(s)]ds  +  a [s,  a;(s)]dz(s),  (1) 


x(t0)  =  x0, 

rpp  Ui(s)  —  ynpaBjiemie  nrpoKa  i  £  {1, . . . ,  n},  ii  cjiyHKiijisi  BBiiirpBima  nrpoKa  i  nojiaraeTCH  paBHoii 


Et0 


[  Tr 

s 

n 

<  /  . .  .,«„(«)]  exp 

-  /  r(y)dy 

lio 

J 

to 

ds+ 


+  exp 

1 

1 

s 

a- 

_ 1 

L  t0  J 

J 

3,n,ecB  Eto  —  onepaTop  MaTeMaTiiuecKoro  ojKHflaHHH  b  momcht  t  =  to,  z(s)  —  BimepoBCKiiii  npopecc,  Xq  - 
HanajiBHoe  cocTOHHiie. 

06o3HaHiiM  uepe3  Tc(a:oi  T  —  to)  KOonepaTi-iBHyio  nrpy,  nocTpoeHHyio  Ha  6a3e  ypaBHem-iii  (1)  h  BBiurpHinieii 
(2).  Corjiamemie  o  Koonepapra-i  BKjnouaeT  coBMecTHBiii  BBi6op  CTpaTeniii  h  npaBiuio  ,n,ejie>Ka  o6m,ero  BBiiirpBima. 

B  KjiacciiHecKoii  KOonepaTHBHoii  Teopiiii  npe,a,nojiaraeTCH,  hto  nrpoKii  BBi6npaiOT  CTpaTeniii  H3  ycjiOBiisi 
m a kc h m h 3 a n h h  cyMMapHoro  BBiiirpBima,  T.e. 


max 

u\ 


E 

'  i—l 


f  T, 

S 

<  /  5®[s,a;(s),ui(s),. .,,u„(s)]exp 

-  J  r(y)dy 

Uo 

to 

ds+ 


+  exp 

1 

1 

s 

a- 

_ i 

L  to  J 

J 

06o3HamiM  uepe3  *)>  ■  ■  ■  > Vn°*(A x)\ >  t  £  [to,T]  cooTBeTCTByiomne  CTpaTeniii,  MaKCHMi-ranpyiomiie 

cyMMy  BBiiirpBimeii  nrpoKOB.  Tor^a  KOonepaTiiBHaa  TpaeKTopira  6yn,eT  pememieM  cjie^yioiii,ero  CTOxacTiiuecKoro 
^iKjicjiepeHpHajiBHoro  ypaBHemra 


dx(s)  =  f[s,  x(s),  ipl°*  (t,x),...,  (t,  x)J  ds  +  ct[s,  x(s)}dz(s) . 


06o3HaHiiM  nepe3  X '*  mhoikbctbo  bo3mojkhbix  3HaHeHiiii  x*(t)  b  momcht  t. 

BaiKHeiimiiM  ycjiOBiieM  Koonepapiiii  nBjuieTCJi  coxpaHeHiie  npimpiinoB  Koonepapi-ii-i  b  no^Birpax  Tc(x,T  —  t) 
Pflu  Bcex  x  €  X£.  9to  ecTB  no3HH,HOHHan  cocTOHTejiBHOCTB  npimpiinoB  Koonepapi-ii-i.  K  co>KajieHiiio,  ncnojiB30- 
BaHiie  KjiaccHnecKHx  no^xo^OB  He  o6ecneHHBaeT  BBinojiHeHim  stoto  BaiKHoro  ycjiOBiisi.  HaMii  npe^jioJKeH  MeTcyi, 
peryjmpHsanHH  onTiiMajiBHBix  pernem-iii,  iipuBO/urmHii  k  no3i-m,HOHHO  cocTOHTejiBHBiM  npimpiinaM  Koonepapnii. 

JlHTepaiypa 
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Cooperative  Stochastic  Differential  Games 

Petrosyan  L.A. 

Saint  Petersburg  State  University,  Russia 

The  subject  of  the  presentation  is  the  theory  and  application  of  cooperative  stochastic  differential  games.  It  is 
shown  that  in  the  presence  of  stochastic  elements  a  very  stringent  condition  is  required  —  subgame  consistency. 
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CTPATErHHECKAH  yCTOHHHBOCTb  KOAJIHIJHOHHblX  PEIHEHnH 

IleTpocaH  JI.A.,  MaMKHHa  C.H. 

CaHKm.-IJemepdypzcKuu  socydapcmeennuu  ynueepcumem,  Poccuh 

PaccMaTpiiBaiOTCH  MHoromaroBBie  nrpui  c  nojiHoii  h h (.}.) op m a h h e h  ii  nepeMeHHBiM  Koajiiiu,iiOHHBiM  pa36neHii- 
eM.  IIo^  pemeHiieM  TaKoii  iirpBi  noHHMaeTCH  PMS  BeKTop,  BBe,n,eHHBiH  paHee  b  pa6oTax  [1,2].  rioKa3aHO,  hto 
npii  iicnojiB30BaHHH  npope^ypBi  peryjiHpH3au,HH  mojkho  o6ecneHHTB,  c  o,h,hoh  ctopohbi,  no3im,HOHHyio  cocto- 
HTejiBHOCTB  pemeHHH,  a  c  ^pyroii  —  ero  CTpaTen-raecKyio  ycTOHHiiBOCTB.  C  3toi"i  pejiBio  bbo^,htch  noHHTiie 
yceHeHHOii  no^BirpBi  h  onpe^ejiaeTCH  noHsmie  h  h; pi  b h; iy  a  j i  b  h  o  h  ceKBeHipianBHOH  papiiOHajiBHOCTH  pemeHira. 

tch  onpe^ejieHiie  KBa3iinocjieflOBaTejiBHoro  paBHOBecna  h  noKa3BiBaeTCH,  hto  PMS  BeKTop  peajiii3yeTCH  b 
HeKOTopoii  CHTyapHH  KBasimocjie^OBaTejiBHoro  paBHOBecua  b  peryjiHpii30BaHHOi"i  iirpe  c  nepeMeHHBiM  Koajniu,H- 
ohhbim  pa36i-ieHi-ieM.  onpe^ejiaeTCH  KopejunipoBaHHoe  KBa3Hnocjie^OBaTejiBHoe  paBHOBecne  h  noKa3aHO, 

hto  KOMnoHeHTBi  PMS  BeKTopa  npe^CTaBjunoT  co6oi"i  bbihtpbiihh  b  cnepnajiBHBiM  o6pa30M  nocTpoeHOM  Kope- 
jiiipoBaHHOM  KBa3Hnocjie^OBaTejiBHOM  paBHOBecim. 

JlHTepaiypa 

[1]  IleTpocaH  JI.A.,  MaMKHHa  C.H.  Iirpbi  c  nepeMeHHbiM  Koajinn,HOHHbiM  pa36HeHiieM.  BecTHHK  Cn6ry,  2004,  Cep.l, 
Bmh.  3,  C. 60-69. 

[2]  Petrosjan  L.,  Mamkina  S,  Dynamic  Games  with  Coalitional  Structure.  Game  theory  review.  Vol.8,  Num.2,  June  2006, 
p.295-307. 


Stability  of  Solution  in  Cooperation  Games 

Petrosyan  L.A.,  Mamkina  S.I. 

Saint  Petersburg  State  University,  Russia 

Games  with  perfect  information  and  changeable  coalitional  structure  are  considered.  The  stability  of  solutions 
of  these  games  is  proved. 
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nponopu;noHAJibHbiH  3kcd;ecc  am  nrp  c 

HETPAHCOEPAEEJIbHbIMH  nOJIE3HOCT5IMn  H 
CB5I3AHHbIE  C  HHM  PEIHEHM 

IleHepcKHH  C.J1. 

CaHKm-nemep6ypscKuu  9K0H0MUK0-MameMamuHecKuu  uHcmumym.  PAH,  Poccuh 

BanamiM  npiimpinoM  pacnpe,n,ejieHini  iipuftbuin  Menyuy  ynacTHiiKaMii  coBMecTHoro  npe,a,npii5iTiiH,  6epym,HM 
CBoe  Hana.no  ot  ApiiCTOTejiH,  jrajmeTCJi  nponoppuoHajiBHBiii  npiimpin,  corjiacHO  KOTopoMy  yaacTHHKH  nojiy- 
naiOT  BbinrpbimH,  nponoppiiOHajiBHBie  cboiim  BKjia,a,aM  (ecjm  Bee  BKjia,n,Bi  h  BBrarpniimi  nojioJKHTejiBHBi) .  Aa3 
KjiaccHnecKHx  KOonepaTi-iBHBix  nrp  nponoppuoHajiBHoe  pememie  omipaeTCH  Ha  nponoppiiOHajiBHBiii  SKcpecc, 
onpe^ejiaeMBiii  pflsi  nojioiKHTejiBHBix  KOonepaTi-iBHBix  nrp  u,  Koajiimmi  S  h  pacnpe^enemra  x  Kan  u(S)/x(S). 
B  cjiynae  nrp  c  HeTpaHC<t>epa6ejiBHBiMii  nojie3HOCTHMii  (HTIT  nrp)  B03HiiKaeT  npo6jieMa,  CBjraaHHaH  c  OTcyT- 
CTBiieM  cto jib  »ce  ecTecTBeHHoro  nponoppuoHajiBHoro  3Kcn,ecca. 

TaKoii  3Kcn,ecc  6biji  onpe^ejieH  h  a kc h om arr h ' i ec k h  oxapaKTepii30BaH  b  pa6oTe  [1] .  C  ero  noMom,Bio  ,n,jra  HTn 
nrp  6bijih  onpe^ejieHBi  h  uccjie^OBaHBi  n-sip, po  h  npe^-n-impo,  o6jia,n,aiom,He,  Kan  OKa3ajiocB,  penniM  psipoM  xopo- 
Hiiix  cbohctb,  BKjnoHaa  npo3paHHyio  reoMeTpunecKyio  HHTepnpeTapmo.  B  nacTHOCTii,  n-appo  (h  npep-n-appo) 
b  cnepiiajiBHOM  cjiynae  ap6iiTpa>KHBix  cxeM  c  6e3ypoBHeBBiMi-i  MHoacecTBaMii  ponycTiiMBix  ajiBTepHaTHB  onpe- 
pejiaeT  «s<7-nponopii,HOHajiBHoe  pemeHiie»,  KOTopoe  Kaxpoii  ap6iiTpa>KHOH  cxeMe  ( q ,  Q)  CTaBiiT  b  cooTBeTCTBiie 
onTi-iMajiBHyio  no  IlapeTO  Tomcy  MHoncecTBa  Q,  nponoppuoHajiBHyio  Tomce  status  quo  q.  9to  pememie  MonceT 
6bitb  a  kc  h  o  m  ar  h  '  i  ec  k  h  oxapaKTepn30BaHO  cjie,nyiom,HM  o6pasoM. 

TeopeMa  1.  sg-nponoppnoHajiBHoe  pememie  HBjiaeTca  epuHCTBeHHBiM  pememieM,  ypoBjieTBopsnomnM  aKCiio- 
MaM  onTHMajiBHOCTii  no  IlapeTO,  KOBapnaHTHOCTn  OTHOCiiTejiBHO  mKaji,  aHOHiiMHOCTii  n  chjibhoh  mohotohiiocth. 

S'Q-nponoppuoHajiBHoe  pememie  mojkho  pacnpocTpamiTB  Ha  HTII  nrpBi,  ncnojiB3ya  nommie  KOHcjnirypa- 
n,nn  BBiiirpnimeii.  Ilop  KOHcjuirypapneii  BBiiirpnimeii  nomiMaeTca  ceMeiicTBO  {aA^},  &  £  2N\{0}  rpe  N  - 
MHoncecTBO  nrpoKOB.  nocTpoemie  cooTBeTCTByiomeii  KOHcjuirypapun  BBiiirpnimeii  mohcho  HHTepnpeTiipoBaTB 
KaK  cjiepyiom,Hii  |iV|-maroBBiii  npopecc. 

Ha  nepBOM  mare  onpepejiaeTca  «nepBOHanajiBHaa  Tomca  status  quo»,  KOTopoii  cooTBeTCTByiOT  m aKCHM ajm- 
HBie  nojie3HOCTii,  KOTopnie  nrpoKH  MoryT  o6ecnemiTB  ce6e  caMOCTOHTejiBHO.  Ha  btopom  mare  pjm  jiio6bix 
nap  nrpoKOB  i,  j  £  N  onpepejmeTca  sg-nponoppuoHajiBHoe  pememie  cooTBeTCTByiomeii  ap6iiTpa>KHOH  cxe- 
mbi  c  MHoncecTBOM  ponycTHMBix  ajiBTepHaTHB  V({i,j}).  Aajiee  /Via  Kanynpii  KoajiHpmi  S  mbi  onpepejiaeM  sq- 
nponoppnoHajiBHoe  pememie  ap6irrpa>KHoii  cxeMBi  c  mhoikbctbom  ponycTiiMBix  ajiBTepHaTHB  V(S)  n  tohkoii 
status  quo,  onpepejiaeMoii  noKOoppiiHaTHBiMii  MaKCHMyMaMii  sg-nponoppHOHajiBHBix  pememiii  apbiiTpanoiBix 
cxeM  c  MHoncecTBaMii  nrpoKOB,  aBjimorpiiMiica  nopMHomecTBaMii  S.  nojiynaeMaa  TaKiiM  o6pa30M  KOHcjniry- 
papna  BBiiirpnimeii  Ha3BiBaeTca  KOHcjmrypapHOHHO  nponoppuoHajiBHBiM  pememieM  nrpni  V,  a  BeKTop  - 

KOHcjuirypapnomio  nponoppuoHajiBHBiM  3HanemieM  nrpni  V.  Tan  onpepejieHHoe  pememie  o6jiapaeT  CBOiiCTBaMi-i 
TOTajiBHOCTii,  nojioJKHTejiBHoii  opHopopHOCTii  H  KOHcjuirypapnoHHoii  papnoHajiBHOCTn. 

TeopeMa  2.  KoHcjuirypapnomio  nponoppnoHajiBHoe  pememie  HBjiaeTca  epiiHCTBeHHBiM  pememieM  b  kohcJih- 
rypapnax  Ha,  ypoBjieTBopmomuM  aKCHOMaM  TOTajiBHOCTii,  nojiojKHTejiBHoii  opHopopHOCTii  h  KOHcjuirypapiiOH- 
Hoii  papiiOHajiBHOCTii. 

JlHTepaiypa 

[1]  neaepcKiiii  C.J1.  OyHKpHH  3KCH,ecca  pjia  KOonepaTHBHbix  nrp  6e3  no6oHHbix  njiaTeaceii:  aKCHOMaTimecKHH  nopxofl. 
//  B  kh.  3KOHOMHKO-MaTeMaTHaecKHe  HCCJiepoBaHiia:  MaTeMaTHaecKiie  Mopejm  h  HHcJiopMaii.HOHHbie  TexHOjiorim,  CII6: 
HayKa.  2000. 


Proportional  excess  for  NTU  games  and  related  solutions 

Pecherskii  S.L. 

Saint  Petersburg  Institute  for  Economics  and  Mathematics,  RAS,  Russia 

Status  quo  proportional  solution  for  bargaining  games  and  its  extension  for  NTU  games  is  defined  and  axioma- 
tically  characterized. 
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O  nOHHTHHX  yCTOHHHBOCTH  H  HEYCTOHHnBOCTH  B 
3KOHOMHHECKOH  ^HHAMME 

IIpacojiOB  A.B. 

CaHKm.-nemepOypzcKuu  gocydapcmeennuu  ynueepcumem,  Poccuh 

B  ,n,OKjia,ii,e  paccMaTpiiBaiOTCH  iiohhthh  ycToit'iHBOCTH  h  HeycTOiraiiBOCTH  no  JInnyHOBy  npiiMemiTejiBHO  k  3a,n,a- 
naM  SKOHOMH'iecKOH  ^hhemhkh.  y tohhhiotch  neKOTopBie  iiohsithji,  n  Ha  npiiMepax  pa3JiiinHBix  HBjiemiii  b  sko- 
HOMiiKe  noKa3BiBaeTCH  Heo6xo,n,HMOCTB  ya,ejiHTB  6ojiBinee  BHiiMaHiie  HeycTOimiiBOCTii.  HcKjnonaji  3a,n,anii  CTa6n- 
jiH3an,HH,  T.e.  ynpaBjineMBix  npopeccoB,  HeycTOiiniiBOCTB  xapaxTepHa  6ojiBiniiHCTBy  ^HHaMii'iecKHx  npopeccoB. 
06cy»c,ii,aiOTCJi  scjHjieKTBi  HejiiiHeiraocTii,  HecTauyiOHapHOCTii,  ^iicciinaTiiBHOCTii  n  najiiiniiji  3ana3,n,BiBaiomero 
apryMeHTa  b  ^HHaMH'recKHx  MO,a,ejiHx.  B  xanecTBe  odnexTOB  MOflejnipoBaHiiH  OTMenaiOTCH  MaKpo^iiHaMiine- 
CKiie  npopeccBi,  KOHKypiipyiomiie  SKOHOMiinecKiie  areHTBi  npii  orpaHiineHiisix  Ha  npoii3BO,n,CTBeHHBie  (JmKTopBi, 
pecypcBi  ii  oSteMBi  pBiHxa,  B3aiiMO,n,eiicTBHe  OTpacjieii  skohomhkh  c  yneTOM  BpeMeHHBix  jiaroB. 

npiiBO^HTCH  o6paTHMBie  TeopeMBi  .HanyHOBa  o  HeycTOiiHiiBOCTii  cucTeM  c  nocne^eHCTBiieM,  nojiyneHHBie 
aBTopoM.  OmicBiBaioTCH  MO,n,ejiH  JIoTKii-BojiBTeppBi  c  3ana3,n,BiBaHHeM  npiiMeHiiTejiBHO  k  fmojiorH'iecKHM  coo6- 
ipecTBaM  ii  3 ko h o m h ' i ec k h m  areHTaM. 

YTBep»c,ii,aeTCJi,  hto  b  6ojiBHiiiHCTBe  cjiynaeB  /piHaMHKa  a,n,eKBaTHO  MonceT  6bitb  npe^CTaBjieHa  hbckojibkhmii 
HeyCTOHHHBBIMII  nOJIOHCeHIDIMH  paBHOBeCHH  B  4)a30BOM  npOCTpaHCTBG  II  HBJieHHHMH  ,a,HCCHnaH,HH  Ha  6ojibhihx 
y^ajieHHHx  ot  paBHOBecHBix  Tonex.  9to  conpoBO>Kyi,aeTCJi  MHoronacTOTHBiMii  KOJie6aHiiHMii  Boxpyr  nojio>xe- 
hhh  paBHOBeciiH.  Ho  ii  ,n,aHHoe  npe^CTaBjieHiie  ycjiononieTCJi  H3MeHemieM  caMoro  <t>a30Boro  npocTpaHCTBa  c 
TenemieM  BpeMeHii. 

Abtop  npii3BiBaeT  pa3BiiBaTB  m arre Marr h '  1  ec k h ii  annapaT  HejiiiHeiiHBix  .nyiHaMiiHecxiix  cucTeM  c  nocjie^eii- 
CTBiieM,  oco6eHHO,  ^iicciinaTHBHBix,  b  HanpaBjieHiiii  pa3BHTiiH  iracTpyMeHTOB  nporH03iipoBaHHH.  Ilsynemie 
TOJIBKO  KaneCTBeHHBIX  CBOHCTB  pa3JIHHHBIX  MO^,ejiei“l  CHHHCaeT  HX  peHHOCTB  KOHCTpyKTI-IBHOrO  npiIMeHeHIIH. 
Onpe,n,ejieHHBiH  iiHTepec  npe^CTaBjniiOT  oii,eHXH  aBTOKOJie6aHHi"i  c  noMom,Bio  (JjyHKpuii  h  (JjyHKpiiOHajiOB  Jlia- 
nyHOBa. 

JlnTepaTypa 

[1]  IIpacojiOB  A.B.  « ripH3HaKH  HeycTOiiHiiBOCTii  fljia  CHCTeM  c  nocjiefleiicTBHeM»  -  BecTHiix  JleHimrpaflCKoro  ymiBepcn- 

TeTa.  1984.  1.  C.  37-42. 

[2]  IIpacojiOB  A.B.  MaTeMaTiiHecKne  MOflejm  flimaMUKii  b  SKOHOMiixe.  -  CII6,  H3fl-BO  CII6y  skohomhkh  h  cjumaHCOB, 
2000,  246  CTp. 

[3]  Ily  T.  HejiHHeiiHaa  SKOHOMHnecKaa  flHHaMHKa.  -  HaceBCK,  H3flaTejiBCKiiH  aom  «yn,MypTCKim  y HiiBepciiTeT » .  2000.  - 
200  CTp. 


On  Stability  and  Instability  Concepts  in  Economic  Dynamics 

Prasolov  A.V. 

Saint  Petersburg  State  University,  Russia 


Importance  of  the  instability  notion  for  economic  dynamics  is  discussed. 
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CTPATErMHECKOE  IIOBE^EHHE  B  flHHAMHHECKOM  KOH$ JIHKTE 

C  HACTHHHOH  KOOIIEPAIJHEH 

Ce^aKOB  A. A. 

CaHKm-IJemepdypscKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

IIpii  MO,a,ejii'ipoBaHiiH  kohcJmhkthbix  CHTyapnit  ochobhbim  HBjiaeTCH  npe,a,nojio>KeHiie  OTHOCiiTejiBHO  noBe^emiH 
ctopoh.  Kax  npaBiijio,  paccMaTpi-maiOTCH  ,n,Be  Kjiacci-iHecKi-ie  c  to'ikh  3pemiH  Teopiiii  nrp  KpaftHne  ciiTyapiiii: 
HH^i-iBi-myajiBHoe  noBe^em-ie  Ka>K,n,oi"i  H3  ctopoh  hjih  »ce  hx  nojiHBiii  croBop.  B  nepBOM  cjiyuae  H3HaHajiBHO 
CHiiTaeTCH,  hto  HHKaKofi  Koonepapi-n-i  Meuyiiy  ynacTHiiKaMi-i  6bitb  He  MOuceT,  h  Bee  ctopohbi  ^eiicTByiOT  He3aBi-i- 
chmo  ,a,Pyr  ot  ,npyra.  B  cjiynae  nojiHoro  croBopa  H3HaHajiBHO  cni-iTaeTCH,  hto  ajmsmc  ynacTHHKOB  KOHcjDjiiiKTa 
(KOajIHD,HH)  HBJIHeTCH  MOHOnOJIHCTOM,  H  1-10X0,3,  KOHcjjJIHKTa  3aBI-ICI-IT  OT  npiIHHTOTO  8JIBHHC0M  peUieHIIH. 

HeMajiBiii  HHTepec  npe^CTaBjunoT  TaKuce  MO^ejni,  KOTopbie  hbjijhotch  neKOTopoii  K0M6HHan,Heft  sti-ix  ,n,Byx 
KpaiiHi-ix  CHTyanHH.  B  HacTOHir,eii  pa6oTe  b  xanecTBe  ^i-iHaMi-iHecKoro  KOHcjDju-iKTa  paccMaTpimaeTCH  no3im,HOH- 
Haa  i-irpa  c  Koajn-m,iiOHHOH  CTpyKTypoii,  nojiHOii  imcjjopMauyieH  h  TepMi-iHajiBHBiMi-i  BBiurpBimaMi-i  [1].  IIo^  xoa- 
jihh,hohhoh  CTpyKTypoii  noHi-iM aeTca  paafweHiie  Bcex  ynacTHHKOB  KOHcjun-iKTa  Ha  HenepeceKaiomi-iecH  KoajiHH,HH. 
B  npopecce  KOHcjun-iKTa  Kaac^Biii  1-13  ero  ynacTHHKOB  nepe^i,  npi-iHsm-ieM  pemeHiia  HMeeT  bo3mo>khoctb  o6t>hbhtb 
ocTajiBHBiM  cthjib  CBoero  noBe^eHiia  Ha  Kaxyro-TO  nacTB  i-irpoBoro  npopecca.  HH^HBi-i^yajiBHBiii  ynacTHHK  Bnpa- 
Be  jih6o  BCTynriTB  b  HeKOTopyio  tbk  na3BiBaeMyio  «,n,onycTHMyio»  Koajii-iu,Hio,  jn-160  npo^ojiacaTB  ^eiicTBOBaTB 
HH^HBi-i^yajiBHBiM  o6pa30M.  ynacTHiiK  Koajiriu,Hri  pemaeT  jih6o  noKi-myTB  ee,  CTaB  i-m.n.HBimyajiBHBiM  ynacT- 
hhkoMj  jn-160  npucoe^HHHTBca  k  ,npyroH  «,n,onycTHMOH»  KoajiHH,HH,  jn-160  ace  He  MeHaTB  CBoero  pemeHiia.  B 
TeneHiie  npopecca  ynacTHHK  KOHcjun-iKTa  MoaceT  hockojibko  pa3  nepecMaTpi-iBaTB  cnoco6  CBoero  noBe^eHiia, 
o^,HaKO,  3a  Ofli-iH  «xo^»  stot  cnoco6  nepecMaTpi-iBaeTca  tojibko  0^,1-iH  pa3,  1-1  6ojiee  toto,  tojibko  o^hi-im  ynacTHH- 
kom.  IIpe^nojiaraeTca,  hto  ynacTHHK  KoajiHH,HH  ^.eiicTByeT  b  ee  HHTepecax,  T.e.  CTpeMHTca  MaKCHMi-131-ipoBaTB 
KOajIHH,I-IOHHBIH  BBII-irpBIHI  —  CyMMapHBIH  BBIIirpBIHI  BCeX  ee  ynaCTHIIKOB. 

Hajii-iHi-ie  nojiHoii  iiHcjjopMapHH  o  KOHcjwii-iKTe  no^pa3yMeBaeT  cae^yromee:  Kaa<yi,OMy  ynacTHHKy  H3BecTHBi 
caMa  no3HH,HOHHaa  i-irpa,  nojiHaa  npe^BiCTopua  h  Koajn-m,HOHHaa  CTpyKTypa  b  jiio6om  ee  coctohhiiii. 

B  paboTe  ycTaHaBjii-iBaeTca  cjmKT  cymecTBOBam-iH  «onTHMajiBHOH»  b  onpe^ejieHHOM  CMBiejie  Koajiim,HOHHOH 
CTpyKTypBij  a  Taxace  npe^jiaraeTca  MeTO,n,  ee  nocTpoeHiia.  KpoMe  3Toro  naxo^HTca  3HaHem-ie  i-irpBi  —  PMS- 
BeKTop  [2],  aBjiaroinyiHCH  KOMbHHarpieH  Kjraccu'recKirx  b  Teopini  imp  npimpimoB  onTiiMajiBHOCTii:  paBHOBeci-ia 
no  Hsmy  [3]  h  BeKTopa  Hlenjni  [4] . 

JlHTepaTypa 

[1]  IleTpocaH  JI.A.,  Ce^aKOB  A. A.,  Ciopim  A.H.  MHoromaroBbie  nrpBi  c  KoajnmiiOHHOH  CTpyKTypoii  //  BecTHiiK  C- 
IIeTep6.  yH-Ta.,  cep.  10,  2006,  bbiii.  4,  cc.  97-110. 

[2]  IleTpocaH  JI.A.,  MaMKima  C.H.  Hrpni  c  nepeMeHHBiM  Koajiiiu,HOHHBiM  pa36neHHeM  //  BecTHHK  C-IIeTep6.  yH-Ta., 
cep.  1,  2003,  BBin.  3,  cc.  60-69. 

[3]  Nash  J.  Non-Cooperative  Games  //  Ann.  of  Math.,  1951,  vol.  54,  pp.  286-295. 

[4]  Shapley  L.S.  A  Value  for  n-Person  Games  //  Contribution  to  the  Theory  of  Games  II,  Princeton  Univ.  Press,  1953, 
pp.  307-317. 


Strategic  Behavior  in  Dynamic  Games  with 
Partial  Cooperation 

Sedakov  A. A. 

Saint  Petersburg  State  University,  Russia 

In  the  paper  we  consider  a  multistage  game,  in  which  each  player  has  an  option  to  cooperate  or  not  to  cooperate 
before  the  decision  making.  Players  who  choose  the  cooperative  behavior  form  a  coalition.  It  is  supposed  that  a 
player  can  reconsider  the  decision  about  the  way  of  behavior  he  has  made:  he  can  either  join  to  some  "admissible" 
coalition  or  choose  the  individual  behavior.  Therefore,  the  coalitional  structure  is  changing  during  the  game. 
When  the  game  ends  each  player  gains  according  to  the  PMS- value.  A  method  of  solving  this  type  of  multistage 
games  is  proposed. 
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KOMMYHnKAIJHOHHOE  PABHOBECHE  H  PABHOBECHE  nO  H3IHY 

CTpoKaH  IL*,  MaTcyxHca  T.** 

*  CaHKm-IIemep6yp2CKUu  eocydapcmeennuu  ynueepcumem,  Poccuh, 

**  rocydapcmeennuu  Kojuiedotc  Texnojioduu  HUapanu,  Huohuh 

B  TeopeTiiKO-iirpoBbix  MO^ejinx  HecxojiBxnx  jinn,  b  xanecTBe  npimpima  onTiiMajiBHOCTi-i  nacTO  ncnojiB3yeTCH 
paBHOBecne  no  Hainy.  B  ,n,aHHOH  pa6oTe  paccMOTpeH  xoMMyHHxanyiOHHBiH  npopecc,  b  kotopom  ^ocTiiraeTCH 
paBHOBecne  no  Hainy  b  CMemaHHBix  CTpaTernnx. 

IIpe,ii,nojio>KHM,  hto  ecTB  HexoTopoe  KOHenHoe  MHoncecTBO  iirpoxoB  n  KOHenHoe  MHoncecTBO  ajieMeHTapHBix 
co6bitiih.  y  xauynpro  nrpoxa  ecTB  HanajiBHbie  imcjropMapHOHHbie  MHOxcecTBa,  cocTOHm,ne  H3  ajieMeHTapHBix 
co6bitiih,  T.e.  KaxynpMy  ajieMCHTapHOMy  co6bitiiio  CTaBiiTca  b  cooTBeTCTBiie  Hexoe  MHoncecTBO  ajieMeHTapHBix 
coSwTHH,  ajieMeHTBi  KOToporo  nrpoK  He  MO»ceT  pa3JinnaTB.  Ha  MHOxecTBe  iirpoxoB  3a,n,aH  npoTOKOJi  (npa- 
bhjio),  no  KOTopoMy  nponcxo,n,HT  npopecc  B3aiiMO,n,eHCTBHH.  Hcxo,n,Ji  H3  cboiix  iiHcjaopMapnoHHBix  MHoncecTB, 
nrpoKii  MoryT  cynyiTB  o  BepoHTHOCTn  B03HiixH0BeHiiH  Toro  hjih  iiHoro  co6bitiih.  Hrpa  nponcxo,n,HT  bo  BpeMe- 
hh,  nepBBiii  i-irpox  (onpe^ejineTCH  npoTOKOJiOM)  nocnuiaeT  cooSipeHne  co  cboiimh  cy>K,a,eHHiiMH  o  BeponTHOCTii 
B03HiiKH0BeHHH  co6bitiih  BTopoMy  nrpoxy  (onpe^ejineTCH  npoTOKOJiOM).  BTopoii  i-irpox,  omipaact  Ha  imcjropMa- 
nyno,  co,a,ep>KamyiocH  b  coo6m,eHnn  nepBoro  nrpoxa,  nepecTpaimaeT  CBoe  iiHcjropM apnoHHoe  MHOxecTBO,  ,n,ajiee 
nepecMaTpiiBaeT  cboi-i  cysytemni  n  nocnuiaeT  coobmemie  cjie^,yK)m,eMy  nrpoxy  n  t.,zi,. 

Hepe3  HexoTopoe  BpeMH  nacTynaeT  momcht,  xor,n,a  imcjropMapHOHHbie  MHoncecTBa  iirpoxoB  nepecTaiOT  113- 
MeHHTBcn  npn  npneMe  coo6rn,eHHH,  stot  MOMem  Ha3BiBaeTca  imcjropMapHOHHBiM  paBHOBecneM. 

TeMaTHxofi  ^aHHoii  paboTBi  HBjiaeTCH  C03^,aHne  nporpaMMHoro  o6ecneneHHH  rjik  MOflejinpoBaHnn  npopeccoB 
o6MeHa  HH(J)opMan,HH  Meax^y  nrpoxaMii.  Enina  nocTpoeHa  xoMnniOTepHaa  MO,a,ejiB  onncaHHoro  xoMMyHnxapn- 
onnoro  npopecca,  c  noMorpnio  xoTopoii  6bijio  paccMOTpeHO  Hecxojinxo  npiiMepoB  n  HaimeHni  paBHOBecnn  no 
Harny. 
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Communication  Equilibrium  and  Nash  Equilibrium 

Strokan  P.*,  Matsuhisa  T.** 

*  Saint  Petersburg  State  University,  Russia, 

**  Ibaraki  State  Technological  College,  Japan 

This  paper  relates  equilibrium  and  distributed  knowledge.  In  the  communication  process  each  player  predicts 
the  other  players’  actions  under  his/her  private  information  with  probability  at  least  his/her  belief.  The  players 
communicate  privately  their  conjectures  through  message  according  to  the  communication  graph,  where  each 
player  receiving  the  message  learns  and  revises  his/her  conjecture.  We  build  a  computer  model  of  described 
communication  process.  Several  examples  are  considered  by  using  this  result. 
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YCTOHHHBblE  KOAJIHIJHOHHblE  CTPYKTyPbl  B  AHHAMHHECKHX 

nrPAx  c  nojiHon  hhoopma^eh 

CiopnH  A.H. 

CaHKm-nemepSypzcKuu  eocydapcmeennuu  ynueepcumem,  Poccusi 

B  KOonepaTi-iBHbix  i-irpax  3auacTyio  npopecc  cjropMiipoBaHHii  KoammiiomiOH  CTpyKTypBi  ocTaeTCH  3a  paMKaMi-i 
paccMaTpiiBaeMoii  aa/ta'in.  B  peajiBHoii  >kh3hh  mpoKH  iicnBiTBmaiOT  mho^kbctbo  orpaHHueHHH  npii  co3^aHiin 
KoajiHii,HH,  ohii  He  tojibko  npiicoe,n,HHjnoTCH  k  cym,ecTByK>m,iiM  KoanimiiiiM,  ho  h  noKi-i^aiOT  hx.  Ha  npaKTHKe 
mbi  Hepe,H,KO  CTajiKHBaeMCH  c  CHTyaipniMH  Hapymemra  ycjiOBitfi  coTpyn,HHuecTBa,  pacKOJiBi  b  napTiiiiHBix  pa- 
^ax,  KOHcjjJIHKTBI  MCHCpiy  yHaCTHIIKaMII  pa3JIIIHHBIX  o6rBe,ZI,HHeHHH  I-I  aCCOH,Han,HH,  KOTOpBie  MOryT  npHBO,H,HTB  K 
Henpe^CKa3yeMBiM  nocjie,n,CTBHHM.  Bee  3to  Heo6xo,n,HMO  y hi-itbib aTB  npn  m o; i,ej [  Hpo BaH  h  h  kohcJdjihkthbix  ciiTya- 

H,HH. 

B  pa6oTe  [1]  paccMaTpimaeTCH  cnoco6  cjropMHpoBamiH  Koammiioimoro  pa36iieHira.  Ha  nepBBix  n  rnarax 
i-irpBi  HrpoKH  nocjie^OBaTejiBHO  BBibupaiOT  sjieMeHTBi  H3  KOHeuHoro  MHOxecTBa  HH,n,eKCOB  1 , ,m.  MHoacecTBO 
IirpOKOB,  BBl6paBHHIX  0,Z3,HH  H  TOT  >Ke  IIH,H,eKC  1  <  k  <  TO,  o6T>e,H,HHjnOTCH  B  0,H,Hy  KOajIIIH,HK>  Sk  [2],  TaKIIM 
o6pa30M,  Han+1  mare  mpbi  b  HeKOTopBix  iioshuhhx  x  B03HHKaeT  Koajmn,HOHHoe  paafweHue  A  (a;),  KOTopoe 
ocTaeTca  HeH3MeHHBiM  na  nocjie,nyiom,Hx  marax  i-irpBi.  AaHbI  onpeflejieHHa  ho3hh,hohhoh  KoajiHH,HOHHofi  nrpBi 
c  nojiHon  HH<J)opMan,HeH,  KoajiHpHOHHoro  paBHOBecira,  nojiyueH  ajiropiiTM  nocTpoemra  pememiH  .naHHoii  nrpBi 
h  ycTaHOBaeHBi  CBoiicTBa  Koajiim,HOHHoro  paBHOBecna. 

B  HacToarpeii  pa6oTe  npe^nojiaraeTca,  hto  nrpoKH,  CTpeMacB  m aKCHMH3i-ipoB aTB  jiiihhbih  BBiurpBim,  b  no- 
3HH,Hax  cbohx  MHoacecTB  OHepe,H,HOCTH,  MoryT  nommaTB  KoaniipHio,  KOTopaa  ccjropMiipoBajiacB  na  nepBBix  n 
marax  i-irpBi.  fl,a,eTCsi  onpe^eaem-ie  ycToimiiBBix  KoaaiipiiOHHBix  pasSneHHH  b  MHoromaroBBix  i-irpax  c  nojiHoIi 
HH<J)opMaH,Heit.  Hccjie,nyeTca  Bonpoc  o  HaxoacfleHiin  ycjiOBiiii  cym,ecTBOBam-ia  ycToIimiBOCTH  KoaaiipiiOHHoro 
pasftneHHa.  BBiarprimn  iirpoKOB-yuacTHiiKOB  TaKoii  KoaaiipiiOHHOH  CTpyKTypBi  onpe^ejunoTCH  Kax  KOMnoHeH- 

tbi  PAIS- BeKTopa  [3]. 

JlHTepaTypa 

[1]  IleTpocaH  JI.A.,  Cep,aKOB  A. A.,  CropnH  A.H.  MHoromaroBbie  nrpBi  c  KoajnmiiOHHOH  CTpyKTypoii  //  BecTHiiK  C- 
IIeTep6.  yH-Ta.,  cep.  10,  2006,  bbiii.  4,  cc.  97-110. 

[2]  Arnold  T.,  Wooders  M.  Dynamic  club  formation  with  coordination  //II  Congress  of  Game  Theory  Society.  Marceille. 
2004.  00  p. 

[3]  IleTpocaH  JI.A.,  MaMKima  C.H.  Hrpni  c  nepeMeHHBiM  KoajmpnoHHBiM  pa36neHHeM  //  BecTHiiK  C-IIeTep6.  yH-Ta.,. 
cep.  1,  2003,  BBin.  3,  cc.  60-69. 


Stable  Coalitional  Structures  in  Dynamic  Games  with  Perfect  Information 

Syurin  A.N. 

Saint  Petersburg  State  University,  Russia 


Stable  coalitional  partitions  in  dynamic  games  with  perfect  information  are  considered.  Players  form  coalitional 
partitions  on  the  first  stages  of  the  game.  Thereafter,  each  player  acts  in  personal  interests  and  can  leave  the 
coalition  to  which  he  belongs.  The  methods  of  constructing  the  stable  coalitional  partition  are  proposed. 
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nojinrAyccoBbi  moaejih  h  metoabi  b  ctathcthheckoh 
TEOPnn  ahhamhheckmx  chctem 

Ha6,n,apoB  IH.M.,  KapHMyjiJiHH  3.M. 

AnadeMun  nayn  Pecny6AUKU  Tamapcman,  Ka3anb,  Poccuh 

Bojiee  nojiyBeKa  Ha3ap  poica3aTejibCTBO  Heo6xopiiMOCTii  n  pocTaTOHHOCTii  jiiiHei"iHoii  (})Hj[hrpanHH  npii  npoBepKe 
CTaTHCTHnecKHx  mmoTe3  o  rayccoBCKiix  cjiynaimbix  npopeccax  npiiBejio  k  npo6jieMe  OTbiCKamiH  HejiiiHeimon 
piiHaMiinecKon  cncTeMM,  Heo6xopiiMon  h  pocTaTOHHOii  npii  chhthh  orpaHHuemm  rayccoBOCTii.  IlojiHoro  peine- 
hhh  stoii  npo6jieMbi  noxa  HeT.  B  poxjiape  c  i-icnojib30BaHi-ieM  nojinrayccoBbix  Mopejieii  h  MeTopoB  ciiHTe3iipy- 
eTCH  piiHaMimecxaH  cncTeMa  c  onpepejieHHon  HejniHeimocTbio,  pocTaTOHHan  pjra  6ai"iecoBCKOi"i  onTi-iMajibHOCTi-i 
npoBepKii  ninoTe3  o  HabjnopaeMbix  npopeccax  c  npoii3BOJibHO  3apaHHbiMii  cjwiyxTyapiiHMii  npii  ycjiOBHH  hx 
(jjiiSH'iecKOH  peajiii3yeMOCTii.  Oira  iiMeeT  CTpyxTypy  MHoroxaHajibHoro  TimoBoro  papiiOTexminecxoro  3BeHa  c 
3KcnoHeHD,najibHbiMH  peTexTopaMii,  a  BeposiTHOCTii  onnibox  npoBepxn  ramoTe3  o  npoiraBOJibHO  3apaHHbix  npii 
ee  ciiHTe3e  HerayccoBCxnx  npopeccax,  a  Taxixe  npii  npoii3BOJibHO  BapbiipyeMbix  nerayccoBCxnx  B03pencTBii5ix 
npepcTaBHMbi  cxojib  yropHO  npii6jni:>xeHHO  jumeftHbiMH  xoM6imapHJiMH  HHTerpajiOB  BeposiTHOCTii.  IIocjiepoBa- 
TejibHOCTb  npii6jin>KeHHbix  opeHOx  cxophtch  k  tohhmm  3HaneHii5iM  —  jniHeimbiM  ko  m  6  h  h  a  p  h  h m  MHoroKpaTHbix 
xy6aTyp  ot  MopiKjuipiipoBaHHbix  jiorapncjiMHHecxH-rayccoBCXHx  njiOTHOCTeii  BeponTHOCTii. 

9tot  aKTyajibHbiii  pjni  CTaTHCTH'iecxoii  papiiOTexmixii  cjiaxT  —  npeaM6yjia  ocHOBHoro  Te3iica  poxjiapa:  <J>e- 
HOMeHOJioniHecKiie  h  TeopeTiixo-BeposiTHOCTHbie  ycjiOBiisi  h  njiopoTBopHOCTb  pjra  HejiiiHeimon  crrarr h crr h  ' i ec  ko h 
flHHaMHKH  BepoHTHOCTHbix  CMeceii  cjiynaftHbix,  npeiiMymecTBeHHO  rayccoBCxiix  HBjiemiii  -  nojinrayccoBbix  Mo¬ 
pe  jieii.  ITo  onpepejiemno  Bbi6oponHoe  npocTpaHCTBO  nojinrayccoBCKoro  HBjiemiH  cyTb  obnepimeHiie  npocTpaHCTB 
peajni3apiiH  Bcex  rayccoBCxiix  KOMnoHem,  a  ero  BepoaTHOCTHaa  Mepa  —  B3BemeHHaa  jiimenHaji  xoM6iinapiiH 
rayccoBCKiix.  CMecb  N  rayccoBCKi-ix  KOMnoHeHT,  HMeKupnx  no  2  napaMeTpa,  o6jiapaa  micjiOM  3iV— 1  CBo6opHbix 
napaMeTpoB,  o6ecnemiBaeT  b  (1, 5iV  —  0,5)  6ojibim-ie  annpoxciiMapiiOHHbie  bo3mojkhocth,  neM  xoppejinpiiOHHaii 
TeopiiH.  ITojiHrayccoBbi  Mopejin  Hapspy  c  npaxTnuecxn  iieorpaHHHeHHbiMii  (N  — >  +oo)  bo3mo>xhocthmii  onn- 
camisi  ynpaBjunonpix  h  B03MyipaK>ipiix  B03pencTBiin,  HHBapiiaHTHbi  OTHOCiiTejibHO  npoii3BOJibHbix  H3MepiiMbix 
no  BepoHTHOCTH  npeo6pa30BaHHi“i  peajni3apiiH  cjiynaimbix  npopeccoB. 

cpHHHTHoe,  cneTHoe  hjih  KOHTHHyajibHoe  pacnpepejienne  BeponTHOCTen  b  pByMepHOM  cjiyHxpiiOHajibHOM  npo- 
CTpaHCTBe  pByx  mcmux  BeponTHOCTHbix  MOMeHTOB  rayccoBCKiix  Mep  —  cpepmix  3HaneHnn  n  KOBapnapnoHHbix 
(JuyHKHHH  —  npnBopHT  k  BepoHTHOCTHbiM  rayccoBbiM  cnexTpaM,  cooTBeTCTBenno  pncxpeTHbiM  hjih  HenpepbiB- 
hhm,  a  Taxixe  k  npsiMOMy  n  o6paTHOMy  npeo6pa30BaHino  Faycca.  TayccoBbi  cnexTpbi  n  npeo6pa30BaHiiH  cbo- 
6opHbi  ot  npHHpnna  cynepno3im,ini  b  npocTpaHCTBe  peajin3an,nii.  ripn  cjniKcapun  opHoro  cpepHero  3HaneHiiH 
hjih  opHoii  KOBapiiapiiOHHOH  <J>yHKH,HH  nojiynaeM  cootbctctbchho  rayccoBbi  cneKTpbi  h  npeo6pa30BaHiiH  no 
CBo6opHOMy  BeponTHOCTHOMy  MOMeHTy.  Ann  cjiynaiiHbix  BejiimiiH  H3BecTHbi  ycjiOBHH  cyipecTBOBaHiia  rayccoBa 
cnexTpa  cpepHiix  npii  (JjiiKCiipoBaHHoii  pncnepcHH,  a  TaKixe  ycjiOBHH  <J>hhhthocth  rayccoBa  cnexTpa  no  o6eiiM 
nepeMeHHbiM. 

B  poKjiape  npiiBopHTCH  ycjiOBHH  TOHHbix  h  ckojib  yropHO  npii6jiii>KeHHbix  nojinrayccoBbix  npepcTaBjieHiiii 
cjiynaiiHbix  npopeccoB,  ycjiOBHH  ycTOiiniiBOCTii  h  npiiMepbi  BbinojiHeHiiH  nojinrayccoBbix  CTaTiiCTiinecKoro  aHa- 
jni3a  h  (hjih)  ciiHTe3a  jiiiHeiiHbix  h  HejiiiHeiiHbix  cucTeM  npii  npoii3BOjibHO  3apaHHbix  c})H3H'iecKn  peajni3yeMbix 
cjijiyKTyapiiHx  ynpaBjunoipiix  h  (hjih)  B03Myipaioiii,Hx  B03peiicTBiiH. 


Poly-Gauss  Models  and  Methods  in  the  Statistical  Theory  of  Dynamic  Systems 

Chabdarov  Sh.M.,  Karimullin  E.M. 

Academy  of  Science  of  Republic  Tatarstan,  Kazan,  Russia 


In  this  report,  conditions  of  exact  and  arbitrarily  approximate  poly-Gauss  representations  of  random  processes 
are  considered.  Stability  conditions  and  examples  of  poly-Gauss  statistical  analysis  are  given. 
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yriPABJiEHHE  c  noBOAbiPEM  b  nrpoBon  3Aaahe  cbjih>kehh5i 

C  m  IJEJIEBbIMH  MHOXECTBAMH 

HjiHHrapaH  A.C. 

EpeeancKuu  eocydapcmeennuu  ynueepcumem,  ApMenun 

YnpaBjieHiie  c  noBO,n,bipeM,  KOTopoe  .gocTaBjineT  ycTonuiiBoe  no  OTHomemno  k  iiHcjjopMapnoHHbiM  noMexaM  pe- 
meniie  b  cjiynae  3a,n,ani-i  c6jih}kbhhh  c  o,h,hhm  pejieBbiM  MHoncecTBOM,  paccMOTpeHO  b  pa6oTax  H.H.  KpacoBCKoro 

[1]- 

B  ,a,aHHOi"i  pa6oTe  npon,e,nypa  ynpaBjiemiH  c  noBO,n,bipeM  pacnpocTpaHeHa  Ha  cjiyuaii  m  peneBbix  MHOxecTB 
[2].  IIpe^nojiaraeTCH,  hto  nocjie^OBaTejibHOCTb  BCTpen  c  n,ejieBbiMi-i  MHoncecTBaMii  3a<J)iiKCHpoBaHa,  a  ^i-maMi-ixa 
CHCTeMM  nocTOHHHaa. 

ITpope^ypa  ynpaBjiennn  c  noBO^bipeM  3aKjnouaeTCH  bo  BBe^eHini  b  paccMOTpenne  BcnoMoraTejibHoii  cucTe- 
Mbi  noBO,a,bipH,  ^BiincymeiicH  no  3a,n,aHHOMy  CTa6njibHOMy  MOCTy.  Ilpe^nojiaraeTCH,  hto  ,n,BH>KeHHH  ynpaBjine- 
moh  cncTeMbi  n  noBOflbipn  omicbiBaiOTCH  o6biKHOBeHHbiMH  nejiHHefiHbiMH  /picjrcjrepeHpHajibHbiMH  y p a b h e h h m m m . 
ABHnceHHH  ncxo,n,HOH  cncTeMbi  n  noBO,n,bipH  cjropMiipyiOTCH  Tax,  HTo6bi  b  npopecce  nrpbi  ohii  B3anMHO  OTCjie- 
>khb ajincb ,  hto  o6ecnemiBaeT  ycTonuiiBOCTb  pememiH  OTHOCHTejibHO  HHcJjopMapHOHHbix  noMex.  rZI,OKa3bIBaeTCH 
TeopeMa  corjiacHO  KOTopoii  npe,n,jio>KeHHaH  b  paboTe  npope^ypa  ynpaBjieHira  c  noBO^mpeM  .upcTaBjineT  pemenne 
3a,n,anH  cbjiHJKeHHJi,  ycTonuiiBoe  no  OTHomeHiiio  k  HHcj)opMaii,HOHHbiM  noMexaM. 

JlHTepaiypa 

[1]  KpacoBCKHH  H.H.,  Cy66oTHH  A.H.  Ilo3im,HOHHbie  flii4)4)epeHLi,HajibHbie  nrpbi.  M.:  Hayxa.  1974.  455  c. 

[2]  ra6pnejiaH  M.C.,  Cy66oTiiH  A.  II.  HrpoBbie  3aflaaH  o  BCTpeue  c  m  pejieBbiMH  MHoacecTBaMH.  / /IIMM.  1979.  T.  43. 
N.  2.  C.  204-208. 

Control  with  a  Guide  in  a  Gaming  Problem  of  Approaching  with  m  Target  Sets 

Chlingaryan  A.S. 

Erevan  State  University,  Armenia 

In  this  work,  a  procedure  of  control  with  a  guide  is  extended  to  the  case  of  target  sets.  The  sequence  of  encounters 
with  target  sets  is  assumed  to  be  fixed,  system  dynamics  is  constant.  Suggested  procedure  provides  a  solution 
of  an  approach  problem,  stable  with  respect  to  the  information  noise. 
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O  KOOIIEPAIJHH  B  YCJTOBMX  CJlYHAnHOK 

npoAOJi^cHTEJibHOCTn  nrpbi 

IIIeBKonjiac  E.B. 

CaHKm.-IJemep6yp2CKUu  gocydapcmeennuu  ynueepcumem,  Poccua 

KoonepaTi-iBHbie  ^iicjjcjDepeHpiiajibHbie  nrpbi  hbjijhotch  y^oftHhiMH  MaTeMaTHuecKHMH  MO,n,ejiHMii  pjisl  omica- 
hhh  npopeccoB,  npoiicxo^amiix  b  SKOHOMHKe,  aKOjioriiii,  MeHe;pKMeHTe  h  npouiix  ccjrepax  uejiOBeuecKOH  ,n,e- 
HTejiBHOCTii.  KpoMe  Toro,  Bee  CTpeMiiTejiBHee  B03pacTaeT  Heo6xo,n,HMOCTB  b  nocTpoeHiin  TeopeTiiKO-iirpoBBix 
MO,n,ejieii  npn  HajiHHHH  toi"i  hjih  hhoh  Heonpe^ejienHOCTi-i,  nocKOJiBKy  ncnojiB30BaHiie  npii  mo; tej i  h ponaH  h  h  c]mK- 
Topa  Heonpe,a,ejieHHOCTH  no3BOJiaeT  6ojiee  a,a,eKBaTHO  omiCBiBaTB  npoiicxo^amiie  b  peanBHOCTii  kohcJdjiiiktho- 
ynpaBjiaeMBie  npopeccni.  B  uacTHOCTii,  b  2000  ro^,y  b  coBMecTHoii  pa6oTe  aBTopa  h  IleTpocjffla  JI.A.  [1]  6biji 
BBe^eH  iiobbih  Kjiacc  iirp  —  KOonepaTHBHBie  ^iKjxJjepeHpiiajiBHBie  nrpbi  co  cjiyuaiiHOH  npo^ojiHaiTejiBHOCTBio. 

MoMeHT  OKOHuamiH  nrpbi  T  HBjiaeTCH  cjiynaiiHoii  bcjimthhoh  c  ii3BecTHOi"i  cjryHKHjieH  pacnpe,a,ejieHiiH  F(t). 
B  TaKoii  nocTaHOBKe  3a^aun  no;;  ochobhbimi-i  TepMHHaMH  KOonepaTiiBHoii  Teopin-i  Hi  p,  TaKHMH  kslk  BBiiirpBiin, 
^,ejie>K  h  noHHM aiOTCH  MaTeMaTH'iecKne  OKH^aHHH  ^aHHBix  BejiHHHH.  TaxiiM  o6pa30M,  cjryHKipiOHaji,  co- 

OTBeTCTByromiiii  coBMecTHOMy  OHamaeMOMy  BBiiirpBimy  i-irpoxoB,  He  HBjiaeTCH  CTaH^apTHBiM,  t.k.  i-nvreeT  Bim 
noBTopHoro  HHTerpana.  B  cbh3ii  c  sthm  caMO  no  ce6e  iiaxo>K^,eHiie  onTHMajiBHBix  ynpaBjiemiH  h  3HaneHiiH 
m a kc h m a j i h h o i  o  coBMecTHoro  BBiurpBiina  nrpoKOB  He  HBjiaeTCH  TpiiBiiajiBHOH  3a^,aneii.  B  pa6oTe  [2]  BBiBe^eHO 
cjjyHKpiiOHajiBHoe  ypaBHemie  Tima  raMiijiBTOHa-HKobH-BejuiMaHa,  KOTopoe  no3BOJiaeT  pemaTB  nocTaBjieHHyio 
3aAany. 

AKTyajiBHoii  HBjiaeTCH  h  npo6jieMa  ;piHaMH'iecKOH  ycToibiuBOCTH  [1]  BBi6paHHoro  urpoKaMH  nepe^  HauajiOM 
iirpbi  npirapima  onTHMajiBHOCTi-i  b  ycjiOBHHx  cjiyuaimoH  npo^ojiHaiTejiBHOCTH  iirpni.  PaspemiiTB  ^aHHyio  npo- 
6jieMy  npe^jiaraeTCH  nyTeM  BBe^eHiia  cnepnajiBHBix  BBinjiaT  (npope^ypni  pacnpe^ejieHira  ^.ejiexa),  KOTopbie 
6yAyT  peryjiiipoBaTB  pacnpe^ejiemie  o6m,ero  BBiurpBiina  bo  BpeMemi  Tan,  hto6bi  hii  b  KaKoii  momhht  BpeMemi 
hh  y  Koro  H3  nrpoKOB  He  bo3hiikjio  xejiaHiie  yKjiOHHTBCH  ot  nepBOHauajiBHoro  corjiaineHim. 

IIojiyHeHHBie  pe3yjiBTaTBi  ^,eMOHCTpiipyK>TCH  Ha  npiiMepe  iirpbi  3  jihh,  co  cjiyuaftHoft  npo^ojiHaiTejiBHOCTBio. 

JlnTepaTypa 

[1]  IleTpocaH  JI.  A.,  IIIeBKonjiac  E.B.  KoonepaTHBHbie  fliKjxhepeHipiajibHMe  nrpbi  co  cjiyaaiiHon  npoflOjinaiTejibHOCTbio. 
//  "BecTHHK  CnSFy"  ,  iraflaHiie  Cn6ry,  2000,  cepus  1,  BbinycK  4,  CTp.  18-23. 

[2]  IIIeBKonjisc  E.B.  YpaBHeHiie  raMiijibTOHa-5lKo6H-BejijiMaHa  fljia  KOonepaTiiBHbix  flHcjjcjjepeHpuajibHbix  iirp  co  cjiy- 
aaiiHOH  npoflOjiaaiTejibHOCTbio.  //  Tpyn,bi  MejKflyHapoflHOii  KOH<J>epeHu,HH  "YcToiiHiiBOCTb  ii  npopeccbi  ynpaBjieHiia"  , 

cnery  2005,  HimBMIiy  OOOBBM  2005,  t.  1,  CTp.  630-639. 

On  the  Cooperation  under  Random  Game  Duration 

Shevkoplyas  E.V. 

Saint  Petersburg  State  University,  Russia 

The  class  of  cooperative  differential  games  with  random  duration  is  studied.  The  Hamilton- Jacobi-Bellman 
equation  for  the  problem  with  random  duration  is  derived. 

It  is  proved,  that  in  many  cases  the  decision  for  such  games  is  time- inconsistent.  With  the  help  of  special 
imputation  distributed  procedure  (IDP),  the  new  regularized  optimality  principle  is  defined  and  its  time- 
consistency  proved. 

The  results  are  illustrated  on  the  example  of  3-person  game  with  random  duration. 
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yCTOHHHBOCTb  METO^OB  PACIIPE^EJIEHHH  HEO^HOPO^HblX 
3AAAH  PACnPEAEJIEHHa  PECYPCOB 

flHOBCKaa  E.B. 

CaHKm-nemep6ypzcKuu  3K0H0MUK0-MameMamunecKuu  uHcmumym,  PAH,  Poccuh 

Heo7Hopo7Hbie  3a7auH  pacnpe,a,ejieHiiH  pecypcoB  onpe,a,ejiHiOTCH  3a,a,aHiieM  MHOxecTBa  areHTOB  N,  HenpepbiB- 
Hoii  mohotohho  B03pacTaK>meH  <J>yHxn,HeH  3aTpaT  hjih  70X070B  C :  RN  — >  R,  h  HauajibHbiM  BeKTopoM  q  £  R+ 
3aaBOK  hjih  pecypcoB  areHTOB.  PemeimeM  Taxon  3a^aHH  Ha3biBaeTCH  pacnpe^ejieHiie  BejiHHHHbi  C(q)  Mex- 
7y  areHTaMH.  MeT07  pacnpe,a,ejieHHH  conocTaBjiaeT  xancfloft  3a7aue  pacnpe^ejieniiH  ee  pemem-ie.  Han6ojiee 
H3y'ieHHhiMH  npaBHjiaMi-i  pacnpe^ejieHira  hbjijhotch  a^miiTHBHBie  no  <J>yHKH,HH  C  MeT07bi,  KOTopbie  B7o6aBOx 
upHiiHCWBaror  HyjieBoii  70x07  areHTy,  ot  nepeMeHHoii  KOToporo  He  3aBHCHT  cjryHxpHJi  C  (cbohctbo  6ojiBaHa). 
9th  MeTO,H,Bi  o6pa3yiOT  BBinyKjioe  mhoxcctbo,  KpaimiiMH  TOHKaMii  KOToporo  hbjijhotch  MeT07bi,  nopojK7eHHbie 
nyTHMii  b  Rn  i-i3  Hyjia  b  Tonxy  q.  xanynpro  nyTH  70x07  areHTa  onpe^ejiaeTCH  xax  HHTerpaji  b70jib  nyra  ot 
nacTHoii  (no  nepeMeHHoii,  cooTBeTCTByiomeii  areHTy)  upon3B07HOH  (jiyHKHHH  3aTpaT.  TaxiiM  obpasoM,  xai«7biH 
KpaftHHH  MeTO,H,  3a7aeTCH  HexoTopbiM  nyTeM,  coe^,HH5noin,HM  HyjiB  c  tohxoh  q. 

B  70xjia7e  npe^yiaraeTCH  BBi6op  nyTH  npe^ocTaBiiTB  areHTaM  xax  nrpoxaM  b  cjie^yromeii  6ecxoajiHii,HOH- 
hoh  iirpe.  CTpaTemeii  xa:*7oro  nrpoxa  i  £  N  HBjraeTCH  cnoco6  pacx070BaHHH  ero  pecypca,  npe^nojiaraeMBiii 
npoii3BOJiBHOH  orpaHHneHHoii  hjiothoctbio  Ha  HexoTopoM  HHTepBajie,  HHTerpaji  ot  xoTopoii  paBeH  q, .  Tor7a 
CHTyanyiH  b  iirpe  noponc^aeT  nyTB  H3  HyjiH  b  Touxy  q,  a  BbmrpbmiH  iirpoxoB  onpe,a,ejiJHOTCH  xax  hx  Bbinr- 
pBiiHii  7jih  MeTO,H,a,  nopTOx^ermoro  sthm  nyTeM.  CiiTyapiiH  paBHOBecim  onpe^ejunoT  «paBHOBecHbie»  nyTH,  h, 
cooTBeTCTBeHHO,  paBHOBecHBie  mbto^bi  pacnpeflejieHiiH. 

YcTaHaBjiiiBaeTCH  cymecTBOBamie  CHTyapnit  paBHOBecusi  7jih  nrp,  cooTBeTCTByiomiiM  3a^,anaM  pacnpe^ejie- 
hhh  pecypcoB  c  <by  h  k  u  h  h m h  3aTpaT,  mbjuhoiuhmhci-i  m yj i brr h j [ h h e h h bi m h  pac i n h peH h h m h  Bbinyxjibix  hjih  Boray- 
tbix  nojioxiiTejiBHBix  xoonepaTHBHBix  nrp  c  TpaHC<J>epa6ejibHbiMii  nojie3HOCTHMii.  A^  Taxnx  nrp  paBHOBecHbi- 
MH  nyTHMII  HBJIHIOTCH  H3BeCTHbIH  CepiiajIbHblH  MCT07  H  ^BOHCTBeHHBIH  X  HeMy.  IlyTb,  3aflaiOIII,HH  CepnajIbHblii 
MeTOfl,  onpe^ejuieTCJi  7iiaroHajibio  npocTpaHCTBa  RN  h  ee  npoexpiinMH  Ha  rpami  napajijiejieraine^a  [0,  q\.  9tot 
MeTO^  o6jia^aeT  cbohctbom  deKOMno3uv,uu\  MeT07,  onpe^ejineMbiii  nyTeM  7,  o6jia,n,aeT  cbohctbom  7exoMno3ii- 
hhh,  ecjiii  7JIH  7JIH  jiio6oh  salami  (TV,  C,  q),  jno6oro  areHTa  i  £  N  h  jiio6oro  t,  £  [0,  q,]  HaimyTCH  Taxue  to'ikh 
tj  £  [0,<jj],  j  £  N\i,  hto  OTpe30x  nyTH  7(r),  t  €  [0, t\  onpe^ejuieT  nyTb  tjih  ^aHHoro  MeT07a  7JIH  salami 
(TV,  C,  t),  a  7J1 a  salami  (TV,  C4,  q  —  t),  iyje  Ct{x)  =  C(t  +  x),  nyTeM  HBjuieTCJi  y(r)  —  f,  r  £  [t,  q], 

HeTpy7,HO  3aMeTHTb,  hto  cbohctbo  ,n,exoMno3Hii,HH  coBna7aeT  co  cbohctbom  7  u  h  a  m  h  '  1  e  c  ko  ii  ycTOHHHBOCTH 
CTpaTeriiii  b  7a h aM h T recxo iT  Bepcnn  yxa3aHHOi"i  6ecxoajiHH,HOHHofi  nrpbi,  b  xoTopoii  Hrpoxn  MoryT  ynpaBjiHTb 
HHTeHCiiBHOCTbio  pacx070BaHHH  pecypcoB  b  jho6oi"i  momcht  BpeMeHii. 


Stability  of  Cost  Sharing  Methods  for  Heterogenous  Problems 

Yanovskaya  E.B. 

Saint  Petersburg  Institute  for  Economics  and  Mathematics,  RAS,  Russia 

For  each  heterogenous  cost  sharing  problem  a  noncooperative  game  is  constructed.  The  strategies  of  players 
(agents)  are  densities  of  spending  their  resources  (demands).  A  strategy  ?r-tuple  determines  a  path  from  0  to 
the  demand  vector  q,  and,  hence,  a  path-generated  cost  sharing  method.  The  corresponding  shares  determine 
the  payoff  function  of  the  game.  Equilibrium  points  of  the  noncooperative  games  define  "equilibrium"  path¬ 
generated  methods.  The  existence  of  equilibrium  path-generated  methods  for  cost  sharing  problems  which  are 
generalized  multilinear  extensions  of  convex  (concave)  positive  TU  games  has  been  proved.  It  is  shown  that  for 
convex  positive  TU  games  the  equilibrium  path  coincides  with  the  path  determined  by  the  "dual"  serial  method, 
and  for  concave  games  it  coincides  with  the  serial  one.  These  path  possess  the  time  consistency  property:  in 
every  point  of  the  path  the  equilibrium  path  for  the  remained  subproblem  coincides  with  the  corresponding  part 
of  the  path  for  the  initial  problem. 
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ORGANIZING  CENTERS  IN  2D  AND  3D  PARAMETER  SPACES 
OF  NON-SMOOTH  DYNAMICAL  SYSTEMS 

Avrutin  V.,  Schanz  M. 

IPVS,  University  of  Stuttgart,  Germany 

Recently  the  behavior  of  piecewise  smooth  dynamical  systems  has  received  significant  attention  because  a  large 
number  of  systems  of  practical  interest  can  be  modeled  in  this  way.  The  typical  application  areas  include  power 
electronic  circuits,  systems  involving  relays,  mechanical  systems  with  impacts  and  stick-slip  oscillations,  etc.  As 
shown  in  several  works,  the  behavior  of  these  systems  is  strongly  influenced  by  discontinuity-induced  (border- 
collision)  bifurcations.  Remarkably,  these  bifurcations  turned  out  to  be  important  not  only  for  piecewise  smooth 
dynamical  systems,  but  to  be  of  a  more  general  interest.  This  is  due  to  the  fact  that  Poincare  return  maps 
of  smooth  dynamical  systems,  like  for  instance  the  well-known  Lorenz  system,  are  often  discontinuous  and 
demonstrate  these  bifurcations  as  well.  Meanwhile  codimension- 1  border-collision  bifurcations  are  investigated 
quite  well.  However,  when  investigating  codimension-1  bifurcation  scenarios  in  extended  parameter  intervals  one 
observes  often  bifurcation  sequences,  which  are  very  difficult  to  understand.  Most  unexpectedly,  increasing  the 
dimension  of  the  considered  parameter  space,  it  is  possible  to  obtain  much  better  understandable  bifurcation 
structures,  caused  by  bifurcations  of  codimension-2  and  -3.  These  discontinuity  induced  bifurcations  serve  as 
organizing  centers  in  multi-dimensional  parameter  spaces  and  dominate  their  structure. 

In  the  presentation,  an  introduction  of  those  aspects  of  bifurcation  theory  will  be  given  which  are  relevant  for 
the  above  mentioned  topics.  It  will  be  shown  how  the  investigation  of  a  dynamical  system  under  variation  of  one 
control  parameter  may  lead  to  results  which  are  very  difficult  to  interpret.  Especially  we  consider  three  typical 
bifurcation  scenarios,  which  have  been  reported  in  systems  as  diverse  as  biological  autocatalytic  processes, 
optogalvanic  circuits,  impact  oscillators,  switching  circuits,  and  neural  relaxation  oscillators.  These  are  period 
increment  with  coexistence  of  attractors,  pure  period  increment  and  period  adding  scenarios.  In  all  three  cases, 
there  exists  a  sequence  of  periodic  attractors,  whose  periods  form  an  arithmetic  series  pn+i  =  Po  +  nAp  with  a 
starting  period  po  and  an  increment  value  A p.  Let  yn  be  the  parameter  value  at  which  the  attractor  with  period 
pn  is  created,  and  let  rjn  be  the  value  at  which  it  is  destroyed.  The  common  property  of  all  three  bifurcation 
scenarios  mentioned  above  is  that  gn  <  gn+i  implies  Tjn  <  rjn+\-  For  the  period  increment  with  coexistence  of 
attractors,  the  parameter  ranges  of  the  occurrence  of  attractors  with  subsequent  periods  overlap  ( rjn  >  yn+i), 
for  the  pure  period  increment  scenario  the  parameter  value  for  the  annihilation  of  one  attractor  is  the  same 
as  that  for  the  emergence  of  the  next  one  ( fjn  =  yn+i),  and  for  the  period  adding  scenario  there  is  a  gap 
between  the  two  ranges  (fjn  <  r/n+i).  In  the  last  case  we  observe  higher-periodic  attractors  in  this  gap,  whose 
periods  can  be  calculated  based  on  pn  and  pn+ 1  using  the  infinite  adding  scheme  for  the  corresponding  symbolic 
sequences.  Since  the  adding  process  continues  ad  infinitum,  this  scenario  includes  attractors  with  arbitrary  high 
periods  and  as  a  limiting  case  aperiodic  attractors.  These  attractors  are  not  chaotic  in  the  sense  that  they  have 
negative  Lyapunov  exponents.  It  can  also  be  shown,  that  these  attractors  are  non-robust.  The  mentioned  results 
become  well-understandable  if  one  considers  the  corresponding  structures  in  the  two-dimensional  and  even  three- 
dimensional  parameter  space,  although  an  infinite  number  of  bifurcation  curves  (or  surfaces)  are  involved.  As 
a  first  step,  we  present  a  classification  of  generic  discontinuity-induced  codimension-2  bifurcations  inducing  the 
scenarios  mentioned  above.  Then,  the  unfolding  of  some  discontinuity-induced  codimension-3  bifurcations  will 
be  discussed,  which  we  currently  assume  to  be  of  generic  types. 
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ON  WELL-STRUCTURED  ROBUST  CHAOS  IN  DISCONTINUOUS  MAPS 

Avrutin  V.,  Schanz  M. 

IPVS,  University  of  Stuttgart,  Germany 

In  recent  times  the  dynamics  of  piecewise  smooth  maps  have  received  significant  research  attention  because 
a  large  number  of  systems  of  practical  interest  are  modeled  by  such  maps.  This  includes  power  electronic 
circuits,  systems  involving  relays,  mechanical  systems  with  impacts  and  stick-slip  oscillations,  etc.  Most  of  the 
efforts  in  developing  the  theory  for  border  collision  bifurcations  have  concentrated  on  piecewise  smooth  but 
continuous  maps.  In  contrast,  discontinuous  maps  have  received  far  less  research  attention  even  though  many 
practical  dynamical  systems  have  been  shown  to  be  modeled  by  piecewise  smooth  maps  with  discontinuity  at 
the  boundary.  Such  maps  occur  in  situations  where  there  is  a  borderline  in  the  Poincare  section  such  that  two 
arbitrarily  close  points  on  the  two  sides  of  the  border  are  separated  at  the  next  observation  instant.  It  has  been 
shown  also,  that  such  a  situation  occurs  in  sigma-delta  modulators,  dc-dc  converters  and  many  other  electronic 
circuits. 

It  is  in  the  meanwhile  well-known,  that  piecewise  smooth  dynamical  systems  undergo  bifurcations,  which 
can  not  be  observed  in  smooth  systems.  However,  until  now  mainly  bifurcations  involving  fixed  points  and 
periodic  attractors  were  investigated  for  piecewise  smooth  systems.  It  is  also  known,  that  these  systems  can  show 
chaotic  behavior  as  well,  but  bifurcations  and  bifurcation  scenarios  formed  by  chaotic  attractors  are  currently 
still  far  away  from  being  understood.  Especially  piecewise  smooth  systems  show  often  so-called  robust  chaos 
(chaos  without  any  periodic  inclusions).  The  organizing  principles  of  this  phenomenon  are  still  not  investigated 
extensively.  The  short  statement  "here  is  chaos"  sounds  similar  to  the  "here  be  dragons"  inscription  on  old 
maps  and  does  not  explain,  how  this  chaos  emerges  and  how  it  is  structured.  A  detailed  investigation  of 
this  phenomenon  in  general  represents  a  really  challenging  task.  For  instance,  although  the  concept  of  robust 
attractors  is  well-defined,  it  has  to  be  clarified,  whether  it  can  be  applied  for  the  presumable  robust  chaotic 
attractors  mentioned  above. 

In  our  current  work  we  focus  on  a  particular  model,  so  that  our  aims  are  less  ambitious  than  in  the  general 
case.  Starting  from  one  of  the  most  standard  and  "most  simple"  models  in  the  field  of  piecewise  smooth  maps,  we 
consider  the  question,  how  transitions  to  chaos  take  place.  When  dealing  with  this  question,  we  detect  an  infinite 
number  of  bifurcation  curves  organized  by  a  new  bifurcation  scenario.  This  scenario  explains  the  structure  of  the 
area  of  chaotic  dynamics  and  is  formed  by  multiband  chaotic  attractors  only,  whereby  the  bandcounts  (number 
of  connected  components  of  the  attractors)  are  organized  by  some  kind  of  infinite  adding  scheme.  This  adding 
scheme  is  similar  to  the  period  adding  scheme  and  hence  to  the  well-known  Farey  trees.  According  to  this,  we 
detect  an  infinite  number  of  multiband  chaotic  attractors  with  bandcounts  increasing  to  infinity.  Furthermore, 
we  detect,  that  specific  areas  organized  by  this  scenario  have  a  complex  interior  structure,  consisting  of  further 
areas  with  increasing  bandcounts  nested  in  each  other.  Currently  we  are  not  able  to  explain  this  structure  in  full 
detail.  However,  in  this  talk  some  hypotheses  will  be  presented,  leading  us  to  the  assumption,  that  the  area  of 
chaotic  dynamics  has  a  self-similar  structure.  Therefore  we  conclude,  that  the  area  of  the  so-called  robust  chaos 
is  robust  only  with  respect  to  its  chaotic  nature,  but  is  structured  by  an  infinite  number  of  bifurcation  curves, 
leading  to  an  infinite  number  of  different  multiband  chaotic  attractors.  In  this  presentation  we  will  discuss  the 
concept  of  codimension-2  and  3  organizing  centers  in  the  context  of  multiband  chaotic  attractors.  Especially,  we 
will  discuss  the  question,  up  to  which  extend  the  concept  of  Lyapunov  exponents  is  useful  for  the  investigation 
of  the  presented  structure  and  for  description  of  its  properties. 
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A  HYBRID  METHOD  FOR  COMPUTING  LYAPUNOV  EXPONENTS 

Beyn  W.-J.,  Lust  A. 

Department  of  Mathematics,  Bielefeld  University,  Germany 

In  this  talk  we  present  a  new  numerical  method  for  computing  some  or  all  Lyapunov  exponents  of  a  discrete 
dynamical  system.  The  method  is  called  hybrid  because  it  combines  the  classical  Q-R-method  (taking  time 
averages  of  linearizations  about  single  trajectories)  with  more  recent  methods  that  use  spatial  integration  with 
respect  to  an  invariant  ergodic  measure.  More  specifically,  consider  a  discrete  system  xn+ 1  =  g(x„),n  =  0, 1, ... 
where  g  :  M  i— >  M  is  a  diffeomorphism  of  a  d-dimensional  manifold  M  that  has  an  invariant  ergodic  measure 
y.  Then  we  approximate  the  j-th  Lyapunov  exponent  Xj,  1  <  j  <  d  by  the  sequence  { aJn }  of  integrals 

an—~J  ha.  Rjj(Dgn(x))dy, 

where  Rjj{Dgn{x))  is  the  j-th  diagonal  entry  of  the  R-matrix  in  the  unique  QR-decom-position  of  the  Jacobian 
Dgn(x).  Our  method  extends  the  approach  of  Aston  and  Dellnitz  (see  e.g.  [1])  who  used  the  sequence  of  integrals 
an  =  f  /In  \\(Dgn(x))\\dy  for  computing  the  dominant  Lyapunov  exponent  Ai.  As  in  their  approach  we  use  the 
package  GAIO  (see  [2]  for  a  summary)  in  order  to  compute  a  box  covering  of  the  underlying  attractor  and  in 
order  to  compute  an  approximate  invariant  measure  with  support  on  this  covering.  Combining  this  with  the 
QA-decomposition  leads  to  a  robust  method  for  computing  all  Lyapunov  exponents  which  even  yields  better 
approximations  than  an  an  for  the  dominant  exponent.  This  will  be  illustrated  by  several  numerical  examples. 
For  the  approximate  exponents  above  we  obtain  an  error  expansion  of  the  form 

c  ■  (  e  ^ n  \ 

ai,  =  A;  +  —  +  o  - -  )  for  some  S  >  0, 

n  J  n  \  n  J 

where  the  constant  Cj  is  determined  by  integrating  certain  exterior  products  of  Oseledets  vectors  with  respect 
to  the  invariant  measure.  For  the  proof  we  assume  a  gap  in  the  Lyapunov  spectrum  and  sufficient  separation  of 
Oseledets  spaces  in  the  Multiplicative  Ergodic  Theorem.  The  error  expansion  allows  to  speed  up  convergence 
through  extrapolation  which  is  confirmed  by  numerical  computations.  Our  results  are  based  on  the  PhD  thesis 
[3]  of  the  second  author. 
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LYAPUNOV  EXPONENTS  AND  CHAOTIC  CLDW 
PHYSIOLOGICAL  SYSTEM 

G.  Qigdem  Yalgin  and  K.  Gediz  Akdeniz 

Istanbul  University,  Department  of  Physics,  Istanbul,  Turkey 

In  a  recent  work,  the  dynamical  properties  of  sensitively  recorded  breathing  signals  (SRBS)  of  representative 
rats  shown  that  the  CLDW  (Cardia,  Lungs,  Diaphram  and  Windpipe)  physiological  system  could  be  a  good 
example  of  autonomous  complex  physical  system  [1], 

In  this  presentation  Lyapunov  exponents  of  the  CLDW  physiological  system  are  investigated  by  nonextensive 
statistical  mechanics  point  of  view. 
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CHAOTIC  DYNAMICS  OF  GURSEY  INSTANTONS  IN  PHASE  SPACE 

K.  Gediz  Akdeniz*,  Fatma  Aydogmus*,  Serap  Sagaltici*,  Cem  Onem** 

*  Istanbul  University,  Department  of  Physics,  Turkey 
**  Trakya  University,  Department  of  Physics,  Edirne,  Turkey 

1956  Gursey  non-linear  wave  equation  [1]  is  only  possible  conformally  invariant  pure  spinor  model  in  four 
dimension  which  contains  no  derivatives  higher  than  the  first.  Since  the  nonlinear  self-coupled  spinor  term  in 
the  model  does  not  exit  in  perturbation  theory,  it  is  possible  to  quantize  the  model  by  the  introduction  of 
auxiliary  field’s  [2] . 

On  the  other  hand,  much  attention  has  been  devoted  to  study  of  the  nonlinear  dynamical  structure  of 
</>4  soliton  [3],  sine-Gordon  soliton  [4]  and  Gursey  soliton  [5].  In  this  presentation,  we  investigate  the  chaotic 
dynamics  of  the  instanton  type  spinor  solutions  [6]  of  the  Gursey  Model  in  phase  space. 
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GLOBAL  QUALITATIVE  ANALYSIS  OF  POLYNOMIAL 
DYNAMICAL  SYSTEMS 

Gaiko  V.A. 
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We  establish  the  global  qualitative  analysis  of  planar  polynomial  dynamical  systems  and  suggest  a  new  geometric 
approach  to  solving  Hilbert’s  Sixteenth  Problem  on  the  maximum  number  and  relative  position  of  their  limit 
cycles  in  two  special  cases  of  such  systems.  First,  using  geometric  properties  of  four  field  rotation  parameters  of 
a  new  canonical  system,  we  present  a  proof  of  our  earlier  conjecture  that  the  maximum  number  of  limit  cycles 
in  a  quadratic  system  is  equal  to  four  and  the  only  possible  their  distribution  is  (3:1)  [1-3].  Then,  by  means 
of  the  same  geometric  approach,  we  solve  the  Problem  for  Lienard’s  polynomial  system  (in  this  special  case, 
it  is  considered  as  Smale’s  Thirteenth  Problem )  [2,  4].  Besides,  generalizing  the  obtained  results,  we  present  a 
solution  of  Hilbert’s  Sixteenth  Problem  on  the  maximum  number  of  limit  cycles  surrounding  a  singular  point  for 
an  arbitrary  polynomial  system  and,  applying  the  Wintner-Perko  termination  principle  for  multiple  limit  cycles, 
we  develop  an  alternative  approach  to  solving  the  Problem  [2,  4].  By  means  of  this  approach,  for  example,  we 
give  another  proof  of  the  main  theorem  for  a  quadratic  system  and  complete  the  global  qualitative  analysis  of 
a  generalized  Lienard’s  cubic  system  with  three  finite  singularities  [1-4]. 

We  discuss  also  some  different  approaches  to  the  Problem.  In  particular,  our  program  on  the  complete  solution 
of  Hilbert’s  Sixteenth  Problem,  what  is  mainly  realized  in  [1-4],  is  an  alternative  to  the  so-called  "Roussarie’s 
program"  (see  [1]).  That  program  was  reduced  to  the  classification  of  separatrix  cycles,  determining  their 
cyclicity  and  finding  an  upper  bound  of  the  number  of  limit  cycles  for  quadratic  systems.  Unfortunately,  there 
are  some  serious  problems  in  the  realization  of  the  Roussarie’s  program:  for  example,  it  is  not  clear  how  to 
determine  the  cyclicity  of  non-monodromic  separatrix  cycles  when  there  is  no  return  map  in  the  neighborhood 
of  these  cycles  and  there  is  no  general  approach  to  the  study  of  the  cyclicity  of  separatrix  cycles  in  the  case 
of  center  when  the  return  map  is  identical  zero.  Besides,  even  in  the  case  of  realization  of  the  program,  as  its 
author  notes  himself  (see  [1]),  the  obtained  upper  bound  of  the  number  of  limit  cycles  obviously  can  not  be 
optimal,  since  the  used  pure  analytic  methods  cannot  ensure  neither  the  global  control  of  limit  cycle  bifurcations 
around  a  singular  point  nor,  especially,  the  simultaneous  control  of  the  bifurcations  around  different  singular 
points.  Our  geometric  approach  to  the  global  qualitative  analysis  of  polynomial  dynamical  systems  allowed  also 
to  correct  a  mistake  in  a  quite  recent  work  by  Dumortier  and  Li  (see  [2,  4]),  where  the  authors  considered  a 
generalized  Lienard’s  cubic  system  with  three  finite  singularities,  used  small  perturbations  of  a  Hamiltonian 
system  and  studied  zeros  of  the  Abelian  integrals  trying  to  "prove"  that  at  most  four  limit  cycles  can  bifurcate 
from  the  exterior  period  annulus  and  to  "obtain"  a  configuration  of  four  big  limit  cycles  surrounding  three  finite 
singularities  together  with  the  fifth  small  limit  cycle  which  surrounds  one  of  the  anti-saddles. 
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GLOBALLY  COUPLED  MAPS  IN  PRESENSE  AND  ABSENSE  OF  NOISE 

Ivanova  A.S.%  Kuznetsov  s.P.*’** 

*  Saratov  State  university,  Russia 

** Saratov  Division  of  Institute  of  Radio- Engineering  and  Electronics  of  RAS,  Russia 

The  study  of  networks  composed  of  elements  with  different  types  of  dynamics  has  attracted  much  attention 
recently.  In  particular,  after  seminal  works  by  Kaneko  (K.  Kaneko.  Physica  D,  1990,  Vol.  41,  N2  2,  p.  137-172, 
etc.),  a  class  of  period-doubling  maps  with  global  coupling  has  been  studied  extensively.  Global  coupling  means 
that  all  elements  of  network  are  coupled  to  each  other.  Such  networks  may  serve  as  models  for  the  description 
of  dynamical  phenomena  in  complex  extended  systems  of  different  physical  nature.  It  was  shown  the  main 
phenomenon,  which  is  typical  for  system  with  globally  coupling,  called  clusterization.  It  consists  in  spontaneous 
formation  of  groups  of  cells  —  clusters  in  such  way  that  instantaneous  states  of  elements  relating  to  the  same 
cluster  coincide  exactly.  It  is  very  interesting  to  investigate  the  stability  of  clusters.  For  this  we  use  method  of 
transversal  Lyapunov  exponents  [1]. 

In  [2]  it  has  been  shown,  that  for  the  description  of  dynamics  of  system  of  globally  coupled  logistic  maps  it  is 
necessary  and  enough  to  use  two  types  of  coupling,  dissipative  and  inertial,  differing  by  the  properties  relatively 
of  renormalization  transformations  (S.P.  Kuznetsov.  Theory  and  applications  of  coupled  map  lattices,  ed.  by  K. 
Kaneko,  John  Wiley  and  Sons  Ltd,  1993,  p.  50-93). 

In  natural  excitable  systems  it  is  often  the  case  that  a  particular  element,  or  a  part  of  the  network  of  elements, 
may  be  identified  as  affecting  and  controlling  the  other  elements.  In  biological  studies  it  is  called  a  pacemaker 
(R.F.  Schmidt,  G.  Thews.  Human  Physiology.  Springer,  N.Y.,  1983.).  We  consider  a  generalization  of  the  Kaneko 
model  with  a  pacemaker  represented  by  a  single  period-doubling  element  coupled  unidirectionally  with  a  set  of 
other,  mutually  coupled  cells.  A  pacemaker  is  represented  as  a  logistic  map,  which  is  unidirectionally  coupled 
with  a  set  of  globally  coupled  elements. 

Influence  of  noise  on  systems  of  globally  coupled  maps  will  be  investigated.  In  case  of  identical  noise  (when 
the  noise  added  to  everyone  element  is  equal.)  the  phenomenon  of  clusterization  should  be  kept,  though  process 
of  formation  of  clusters  depending  on  value  of  parameters  will  be  another.  It  will  be  investigated,  as  process  of 
formation  of  clusters  and  dynamics  of  system  depends  on  amplitude  of  noise. 

In  case  of  non-identical  noise  (when  noise  is  added  to  each  element)  it  is  impossible  to  speak  about  clusters 
as  exact  concurrence  of  instant  conditions  does  not  occur.  It  will  be  consider  "clusters  as  a  group  of  the  elements 
conterminous  to  some  accuracy.  Dynamics  of  two-clusters  state  which  can  be  described  as  system  of  two  coupled 
equations  will  be  in  detail  investigated.  For  the  common  case  it  will  be  investigated,  as  process  of  formation 
"clusters"  depends  on  amplitude  of  noise  and  on  accuracy  of  definition  of  "clusters".  At  presence  of  pacemaker 
the  case  when  noise  is  added  only  to  the  allocated  element  will  be  investigated  also. 

The  work  is  financial  support  by  CRDF  (appendix  02-2006)  and  DFG  (SFB  555) 
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ON  MINIMAL  SUBSETS  OF  PROJECTIVE  FLOWS 

Johnson  R. 

Universita  di  Firenze,  Italy 

An  n  -  dimensional  linear  differential  system  with  almost  periodic  coefficients  induces,  in  a  natural  way,  a  flow 
on  a  trivial  fiber  bundle  whose  fiber  is  the  (n  —  1)  -  dimensional  projective  space.  We  pose  the  problem  of 
describing  the  minimal  subsets  of  this  projective  flow.  This  is  one  concrete  way  to  formulate  the  ill-defined 
question  concerning  the  "angular  behavior"  of  the  solutions  of  a  linear  almost  periodic  differential  system. 

We  provide  a  classification  of  the  minimal  subsets  of  the  projective  flow  when  n  =  2.  Such  a  minimal  set  has 
particularly  interesting  structure  when  the  differential  system  is  of  Millionshchikov-Vinograd  type.  And  other 
non-trivial  structural  patterns  are  also  possible. 

We  note  that  there  is  as  yet  no  example  of  an  almost  periodic  "Denjoy  cocycle";  that  is,  a  two-dimensional, 
linear,  almost  periodic  differential  system  whose  projective  flow  admits  a  minimal  set  whose  generic  fiber  is  a 
Cantor-type  set.  Neither  can  the  existence  of  such  systems  be  excluded. 

The  results  we  present  are  discussed  in  a  joint  paper  with  K.  Bjerkloev. 
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CHAOS  IN  THE  NEIGHBORHOOD  OF  A  GRAZING  BIFURCATION 

Kryzhevich  S.G. 

Saint-Petersburg  State  University 

The  grazing  bifurcation  has  been  first  described  by  A.Nordmark.  It  appears  in  a  vibro-impact  system  provided 
the  impact  velocity  of  a  periodic  solution  vanishes  as  the  parameter  changes.  For  different  examples  of  vibro- 
impact  systems  the  chaotic  behavior  of  solutions  in  the  neighborhood  of  grazing  has  been  established  numerically. 
The  main  target  of  this  report  is  to  show  analytically  how  the  "Smale  horseshoes"  appear  in  the  neighborhood 
of  grazing. 

Let  0  £  U  C  K2  be  the  domain,  J  =  [0,  g*}.  Consider  the  function  /(£,  x,  y,  g)  of  the  class  C1(K  x  U  x  J  — >  R) 
and  C 1  smooth  by  x,  y  and  g.  Suppose  that  f(t,  x,  y,  g)  =  f(t  +  T(g),x,  y.  g).  Here  T(g)  is  a  continuous  function 
on  J.  Consider  the  mechanical  system,  described  by  the  equation  x  =  f(t,x,x,g),  which  can  be  reduced  to  the 
system 

x  =  y,  y  =  f(t,x,y,g), 

which  is  defined  for  x  ^  0.  Define  fo(t,  g)  =  f(t ,  0,  0,  g).  Let  the  following  impact  conditions  take  place. 

A.  Let  z(t)  =  ( x(t),y(t ))  be  the  solution.  If  x(to)  =  0,  then  y(to  +  0)  =  —ry(to  —  0),  where  r  €  (0, 1]. 

B.  If  z(to  —  0)  =  0,  fo(to,g)  ^  0,  and  t\  be  such  that  fo(t,  g)\  <  0  for  allf  €  I  =  [fo,ti],  then  z(t)\i  =  0. 

Denote  z  =  ( x,y ),  the  obtained  vibro-impact  system  by  (*)  and  the  solution  of  the  system  (*)  with  initial 
data  z(to)  =  zq  and  a  fixed  value  of  the  parameter  g  by  z(t,  to,  Zo,  g).  Consider  the  Poincare  mapping  defined 
by  the  formula  F^g(z o)  =  z{T{g)  —9  +  0,  —9,  z0,  g). 

Theorem.  Let  there  exists  a  continuous  family  of  T{g)  -  periodic  solutions 

<p{t,g)  =  (<Px{t,g),<py{t,g))  (g£J) 

of  the  system  (*),  satisfying  following  properties. 

1.  ip(t,g)  €  U  for  all  g  €  J,  t  €  [0,T(/r)]. 

2.  Every  function  +x(t,  g)  has  exactly  N  +  1  zeroes  To(g),  ■  ■  ■ ,  Tiy(g)  on  the  segment  [0,  T(g)) . 

3.  The  velocities  yk(g)  —  Tyijkfg)  +  0 ,g))  are  such  that  yo(g)  >  0  for  g  >  0,  yo(0)  =  0,  /o(to(0),0)  >  0, 
yk(g)  >  0,  for  all  g  €  J,  k  =  1, . . .  ,N. 

4-  Denote  (  Gn  °12  )  =  lim  DFu  g(ip(—9,g)).  Suppose  that  a\2  yf  0,  an  +  022  7^  0. 

\021  022  J  v,8^o+ 

Then  there  exist  such  values  go  >  0  and  9q  >  0,  that  for  any  g  £  ( 0,go ),  9  £  (0,6*0)  there  is  a  compact  set 
K  =  K^fi,  invariant  to  the  respect  of  the  mapping  F ®  s  and  such  that  the  following  conditions  are  satisfied. 

I.  The  mapping  F^  6\k^  e  has  infinitely  many  periodic  points. 

II.  The  periodic  points  of  the  mapping  F^  s  are  dense  in  K^^g. 

III.  There  is  such  a  point  whose  orbit  {Ff,ng(Pn,g)  ■  n  £h}  is  dense  in  Kg,g. 

Supported  by  RFBR  (grant  03-01-06493),  by  the  Ministry  of  Education  and  Science  of  Russia  and  Government 
of  Saint-Petersburg  (PD06-1.1-50),  by  the  scientific  program  of  the  Ministry  of  Education  and  Science  "Russian 
Universities"  and  by  the  fund  of  Vladimir  Potanin. 
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EXTENSIONS  OF  LYAPUNOV’S  IDEAS  IN  THE  ALGEBRAIC 
APPROXIMATION  OF  ATTRACTORS 

Leonov  G.A.  and  Reitmann  V. 

Saint-Petersburg  State  University,  Russia 

We  consider  polynomial  systems  of  the  form 


dx/dt  =  f(x)  (1) 

on  K",  where  /  from  Kn[a:l, . . .  ,xn]  is  a  polynomial  and  K  denotes  the  field  of  real  and  complex  numbers, 
respectively.  It  is  assumed  that  the  vector  field  (1)  is  complete  and  has  constant  divergence.  It  is  well-known 
that  the  Lorenz  equations  and  the  Bloch  equations  which  arise  in  nonlinear  optics  are  examples  of  polynomial 
systems.  In  the  contribution  we  present  approximation  procedures  for  attractors  of  (1)  based  on  algebraic 
arguments.  This  means  in  the  real  case  that  semialgebraic  sets  of  K"  of  the  type  {x\p(x)  =  0}  and  {x\p(x)  >  0}, 
where  p  :  K”  — >  K.  is  a  polynomial,  can  be  taken  as  approximation  of  the  attractor.  Conditions  for  the  existence 
of  such  approximation  sets  can  be  expressed  in  terms  of  the  Lie-derivatives  of  a  polynomial  Lyapunov  function, 
computed  with  respect  to  the  vector  field  (1).  In  the  case  when  (1)  represents  the  real  or  complex  Lorenz 
system,  we  derive  explicit  semialgebraic  sets  approximating  the  attractor.  It  will  be  also  demonstrated  how  to 
use  algebraic  approximation  sets  of  attractors  for  the  solution  of  control  and  observation  problems  of  (1)  in  the 
class  of  polynomials. 


A  METHOD  FOR  PLANNING  ORBITALLY  STABLE  PERIODIC  SOLUTIONS 
IN  UNDERACTUATED  MECHANICAL  SYSTEMS 

Shiriaev  A.*,  Freidovich  L.*,  Robertsson  A.**,  Johansson  R.** 

*Dept.  Applied  Physics  and  Electronics,  UmeaUniversity,  Sweden 
**Dept.  Automatic  Control,  Lund  University,  Sweden 

Abstract:  This  note  is  devoted  to  a  discussion  of  recently  proposed  approach  for  controlling  nonlinear  mechanical 
systems  having  a  number  of  control  inputs  (actuators)  less  than  a  number  of  degrees  of  freedom.  Controlling 
such  systems  is  inherently  difficult  problem  due  to  the  fact  that  not  any  motion  can  be  achieved  via  feedback 
design.  Dynamics  of  non-actuated  degrees  of  freedom  of  such  systems  introduce  constraint  equations  that  should 
be  taken  into  account  at  the  stage  of  planning  motions  for  such  systems. 

The  approach  suggests  arguments  for  analytical  motion  planning  new  non-trivial  period  orbits  for  systems 
with  the  deficiency  (under-actuation)  in  a  number  of  control  inputs  (actuators)  being  equal  to  one.  As  a  first  step 
in  planning  a  periodic  orbit,  we  propose  to  choose  artificial  geometrical  functions  that  relate  degrees  of  freedom 
with  one  scalar  variable.  Intuitively,  such  functions  should  exist  if  a  periodic  orbit  is  present  in  dynamics:  all 
degrees  of  freedom  behave  in  synchrony  on  a  cycle  parameterized  by  a  scalar  variable.  As  a  second  step,  we 
suggest  to  analyze  the  dynamics  of  the  mechanical  system  provided  that  some  controller  stabilizes  the  chosen 
geometrical  functions.  This  step  reduces  to  exploring  properties  a  particular  second  order  scalar  dynamical 
system.  It  is  shown  that  if  it  has  a  periodic  solution  then  the  original  mechanical  system  (with  a  particular 
feedback  law)  has  a  periodic  solution.  The  necessary  and  sufficient  conditions  for  this  second  order  system  to 
possess  the  centre  in  one  of  its  equilibriums  are  given. 

When  a  periodic  motion  is  successfully  pre-planned,  the  approach  suggests  methods  for  synthesis  of  cont¬ 
rollers,  which  ensure  orbital  stabilization  of  the  solution  in  the  closed  loop  system.  The  key  step  here  is  to 
introduce  a  particular  coordinates  for  the  closed-loop  system:  a  part  of  coordinates  become  written  in  terms  of 
geometrical  functions  chosen  in  motion  planning  steps,  another  part  of  coordinates  is  written  in  terms  angle  and 
action  pairs.  Such  representation  of  dynamics  of  the  system  allows  synthesizing  a  variety  of  controllers  (both 
time-varying  and  time  invariant)  that  ensure  orbital  stabilization. 

The  method  is  illustrated  by  the  example:  shaping  periodic  motions  of  the  Furuta  pendulum  around  its 
unstable  upright  equilibrium.  The  feedback  design  steps  are  commented,  the  results  of  computer  simulation  and 
successful  experimental  implementation  are  shown. 
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LOCALIZATION  ANALYSIS  OF  COMPACT  INVARIANT  SETS  OF  SOME 
NONPOLYNOMIAL  SYSTEMS  WITH  COMPLEX  DYNAMICS 

Starkov  K.E.,  Starkov  K.K. 

CITEDI-IPN,  Mexico 

In  this  paper  we  consider  the  localization  problem  of  compact  invariant  sets  for  two  systems  with  a  nonpolynomial 
differentiable  right  side.  This  problem  is  intensively  studied  during  the  last  decade  by  different  researchers;  see 
e.g.  the  book  [1]  and  the  paper  [Krishchenko  and  Starkov,  2006]  with  references  therein.  Here  by  a  localization 
we  mean  a  description  of  a  set  containing  all  compact  invariant  sets  of  the  system  under  consideration  in 
terms  of  equalities  and  inequalities.  Our  approach  is  based  on  using  the  first  order  extremum  conditions,  see 
e.g.  Theorems  2  and  3  in  [Krishchenko  and  Starkov,  2006].  One  of  these  systems  mentioned  above  is  a  model 
characterizing  the  "labyrinth  chaos": 

x  =  sin  y  —  bx, 

y  =  sin  z- by,  (1) 

z  =  sin  x  —  bz. 


It  was  introduced  in  [Thomas  et  al,  2004]  as  an  example  of  a  system  generating  hyperchaos,  .  Another  system 
is  given  by  equations: 

Ji  =  —aJi  —  /3tanh(ptti), 

J2  =  —a  A  —  /3tanh(pit2), 

tii  =  —lu  1  +  T12  tanh(pu2)  +  A,  (2) 

A  =  —  lu2  +  T2i  tanh(pwi)  +  J2. 


It  is  a  two-neuron  model  considered  in  [Li  et  al,  2006] .  Here  a;  P;  p ;  1-,  T-V2-,  T21  >  0. 

Example  1:  the  system  (1).  Here  we  establish  the  existence  of  the  absorbing  compact  domain  provided 
b  >  0,  find  its  algebraic  description  and  show  that  the  cube  C  :=  {—b  1  <  x\  y,  z  <  b  x}  contains  all  compact 
invariant  sets  of  (1).  Also,  if  b  >  0  then  all  trajectories  fall  into  C  and  remain  there.  In  this  case  chaotic  behavior 
is  possible  only  inside  C. 

Example  2:  the  system  (2).  Here  we  establish  the  existence  of  the  absorbing  compact  domain  provided 
l  >  l/(4a)  and  find  its  algebraic  description.  Then  we  demonstrate  that  the  polytope 


K  =  {  —a  1/3  <  A;  A  <  ol  i/3;  — 


-i/ 


T12Q:  +  (3  T12CX  +  P  T21a  + 

<u  1  < 


la 


la 


la 


P  T2  i« 

—  <  u2  < 


P 


la 


contains  all  compact  invariant  sets  of  (2).  Also,  all  trajectories  fall  into  K  and  remain  there.  Chaotic  behavior 
is  possible  only  inside  K.  Pictures  illustrating  our  localization  sets  are  presented  as  well. 

Finally,  we  consider  briefly  a  coupled  laser  system  of  dimension  5. 
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SYNCHRONIZATION  OF  MULTIPLE  CHAOTIC  GYROSCOPES 
USING  THE  FUNDAMENTAL  EQUATION  OF  MECHANICS 

Firdaus  E.  Udwadia 

University  of  Southern  California,  USA 

This  paper  provides  a  simple,  novel  approach  for  synchronizing  the  motions  of  multiple  slave’  nonlinear  mechanical 
systems  by  actively  controlling  them  so  that  they  follow  the  motion  of  a  master’  mechanical  system.  The  multiple 
slave  systems  need  not  be  identical  to  one  another.  The  method  is  inspired  by  recent  results  in  analytical 
dynamics  and  it  leads  to  the  determination  of  the  set  of  control  forces  to  create  such  synchronization  between 
highly  nonlinear  dynamical  systems.  No  linearization  or  nonlinear  cancellation  is  involved,  and  the  exact  control 
forces  needed  to  synchronize  the  nonlinear  systems  are  obtained  in  closed  form.  The  method  is  applied  to  the 
synchronization  of  multiple,  yet  different,  chaotic  gyroscopes  that  are  required  to  replicate  the  motion  of  a  master 
gyro  which  may  have  chaotic  or  regular  motion.  The  efficacy  of  the  method  and  its  simplicity  in  synchronizing 
these  mechanical  systems  is  illustrated  by  two  numerical  examples,  the  first  dealing  with  a  system  of  three 
different  gyros,  the  second  with  five  different  ones. 


ANALYSIS  OF  STABILITY  OF  NONLINEAR  CONTROL  SYSTEMS 
Yang  Wanly,  Li  Hongyan,  Qian  Kun 

Mathematics  Department,  Academy  of  Armored  Force  Engineering,  Beijing,  China 

By  introducing  the  concept  of  imitate  odd  approximate  systems,  we  gave  the  sufficient  conditions  for  consistent 
asymptotic  stability  of  the  zero  solution  of  two-dimension  systems  that  have  odd  approximate  systems.  An 
example  is  presented  to  show  that  the  new  method  is  efficient  and  convenient  t  in  use. 

Keywords:  Lyapunov  function;  imitate  odd  approximate  systems;  consistent  asymptotic  stability 
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O  nOCTPOEHHH  HHBAPHAHTHOH  MEPbl  HA 
CHMBOJIHHECKOM  OBPA3E 

AMnmiOBa  H.B. 

CaHKm-IJemepdypecKuu  socydapcmeemiuu  ynueepcumem,  Poccuh 


CHMBOJiHHecKHfi  o6pa3  [1]  /piHaMH'tecKOH  CHCTeMbi  npe^CTaBjiaeT  co6oi"i  KOHeuHbiH  opiieHTiipoB aHHBiii  rpacji,  no- 
CTpoeHHBifi  no  BBi6paHHOMy  noKpBiTriio  <J>a30Boro  npocTpaHCTBa.  Bepiuirabi  rpacjja  cooTBeTCTByiOT  sjieMeHTaM 
noKpBiTHH,  a  Ay™  cooTBeTCTByiOT  cymecTBOBamno  nepecenemiii  aneen  noKpbiTHH  c  hx  odpasaMii  noA  aghctbii- 
eM  hcxoahoh  cncTeMBi.  CiiMBOJiiiHecKHii  o6pa3  HBjiaeTca  KOHenHBiM  npn6jiii>KeHHeM  cncTeMBi  h  OTpaxaeT  ee 
rjio6ajiBHyio  CTpyKTypy.  ITpn  stom  MHon-ie  ajiropiiTMbi  iiccjieAOBaHHH  MoryT  6bitb  CBeAeHbi  k  ajiropiiTMaM  Ha 
rpacjjax. 

flysi  rpacjm  G  =  (V,  E )  MapKOBCKaa  u,enb  y  3aAaeTca  HanajiBHBiMH  BepoHTHOCTHMii  coctohhhh  y{I)  ynsi 
I  £  V  ii  ycjiOBHMMH  BepoHTHOCTHMH  y(e\i(e))  ynsi  e  £  E,  i(e)  o6o3HanaeT  nauajio  Ay™  e.  MapKOBCKaa  u,enb 
Ha  rpacjje  HasniBaeTca  CTapnoHapHOH,  ecjni  ynsi  KaxAOH  Bepiuirabi  cyMMa  BepoaTHOCTeii  no  bxoahhi,hm  AyraM 
paBHa  cyMMe  BepoaTHOCTeii  no  bbixoahh^hm  . 

IlycTB  A  —  ajKjmBHT,  X  —  npocTpaHCTBO  cjiob  HaA  A.  CTapriOHapHBiH  npopecc  b  odiipeM  CMbicae  onpeAeaa- 
eTca  [2]  Kax  npiiCBaiiBaHiie  y  BepoaTHOCTeii  6jiOKaM  (cjiOBaM)  113  X  Taxoe,  hto  A  y(a)  =  1  h  ynsi  jno6oro 
caoBa  w  iiaA  A  BepHO  y(w)  =  ^ag  4  ^(wa)  =  12ae  A^(aw)-  HocnTejieM  CTapnoHapHoro  npopecca  nasniBaeTca 
MHoacecTBO  cjiob,  onpeAeJiaeMBix  c  noMom,Bio  HCKjnoneHiia  cjiob  c  HyjieBOii  BepoaTHOCTBio.  CTaipiiOHapHbiH  npo- 
u,ecc  Ha  X  3to  CTaii,HOHapHbiH  npopecc,  hociitcjib  KOToporo  jiokiit  b  X.  CTau,iiOHapHBiH  npopecc  Ha  G  =  (V,  E) 
onpeAeJiaeTca  kslk  CTaii,HOHapHbiH  npopecc  Ha  A  =  E,  c  HocnTejieM  b  MHoacecTBe  Xq,  rye  Xq  o6o3HanaeT  mho- 
acecTBO  cjiob  HaA  ajicJ) aBiiTOM  E  h  Ha3BiBaeTca  npocTpaHCTBOM  Ayr  rpacjja  G.  CTapnoHapHaa  MapKOBCKaa  u,enb 
Ha  rpacjje  ecTb  CTaipiiOHapHbiH  npopecc  b  CMbicjie  o6m,ero  onpeAeJieHiia. 

Il3BecTHO,  [2]  hto  jno6aa  CTapnoHapHaa  MapKOBCKaa  penb  Ha  G  3aAaeT  CTapnoHapHyio  Mepy  11a  Xq,  iih- 
BapnaHTHyio  OTHOCiiTejiBHO  OTo6pa»ceHHH  CABiira.  IIpeAJiaraeTca  cnoco6  nocTpoeHiia  Mepbi  Ha  chmbojihhcckom 
o6pa3e  11  BbiHiicjiaeTca  SHTponiia  nojiyueHHoro  CTapnoHapHoro  npopecca. 

BbiAejiiiM  Ha  rpacjje  Bee  KOMnoHeHTbi  chjibhoii  cbh3hoctii  h  onpeAeJiiiM  Mepy  Ha  KaacAOii  KOMnoHeHTe  cjieAy- 


k)iu,hm  o6pa30M.  BbiAejiiiM  Bee  npocTbie  h,hkjibi  rtj,  i  =  1, ...  ,k  n  KaacAOii  Ayre  pnKjia  iipmimneM  BejiiiHimy 


1 

li' 


k 


rye  U  Hiicjio  Ayr  B  AHKjie.  KaacAoro  Ui  Bbi6epeM  HeKOTopbiii  Bee  Vi,  v,  =  1.  Tenepb  Mepa  Ay™  B  pnKjie 

i- 1 
Vi 

Ui  onpeAeJiaeTca  xax  — ,  a  ynn  Ayr,  npiiHaAJie>Kaiii,Hx  hcckojibkhm  pnKjiaM  Mepa  onpeAeJiaeTca  xax  cyMMa  Mep 
H 

no  3th  pHKjiaM.  Ayr,  He  bxoajhahx  b  ahkjibi,  Mepa  nojiaraeTca  paBHoii  Hyjno.  Mepa  Bepinirabi  onpeAeJiaeTca 
xaK  cyMMa  Mep  no  BceM  bxoajhahm  b  Hee  AyraM.  Mepa  Bcero  rpacjm  onpeAeJiaeTca  kslk  BbinyKjiaa  KOMSiiHanna 
Mep  Ha  KOMnoHeHTax. 

Ajih  nojiyHeHHoro  CTapnoHapHoro  npopecca  BbiHiicjiaeTca  SHTporaia  11  aHajiH3iipyeTca  ee  3aBi-ici-iMOCTb  ot 
Bbi6opa  BecoB  Vi. 


JlmepaTypa 

[1]  OcuneHKO  r.C.  O  CHMBOjiHHecKOM  o6pa3e  flHHaMHuecKoii  cucTeMM,  c6.  rpamiHHbie  3aflaun,  ITepMb,  1983,  c.  101-105. 

[2]  Lind  D.,  Marcus  B.  An  introduction  to  symbolic  dynamics  and  coding,  New  York,  1995. 


On  the  Construction  of  an  Invariant  Measure  on  a  Symbolic  Image 

Ampilova  N.B. 

Saint  Petersburg  State  University,  Russia 

Symbolic  image  is  an  oriented  graph  which  is  constructed  for  a  dynamical  system  on  the  given  covering.  It  is 
an  approximation  of  the  system. 

The  method  of  construction  of  an  invariant  measure  with  the  parameters  Vi ,  1  i/j  =  1,  which  are  weights 

of  n  cycles  of  a  strong  connected  component  is  proposed.  Such  a  measure  yields  a  stationary  process  on  the 
graph  and  is  invariant  relative  to  shift  map.  The  entropy  of  the  process  is  calculated  and  its  dependence  on  i/j 
is  investigated. 
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CHAOS  THEORY 


OB  yCTOHHHBOCTH  AMCKPETHBIX  CHCTEM 

AHauiKHH  O.B. 

Taepunecnuu  Hav)uoHaA'bH,uu  ynueepcumem  um.  B.H.  BepnadcKoeo  CuMifieponoAb,  Ynpauna 

AiiCKpeTHbie  ciiCTeMbi  hbjihiotch  iianbojiee  no^xo^amiiM  cpe,n,CTBOM  MO^ejnipoBaHiin  pa3HOo6pa3Hbix  flHHaMH- 
uecKiix  npopeccoB  b  >khboh  npiipo,n,e,  b  TexHince,  b  3kohomhkb  h  T.n.,  a  TaK*e  ecTecTBGHHBiM  o6pa30M  bo3hh- 
KaiOT  bo  MHomx  pa3,n,ejiax  TeopeTiiuecKiix  Hayx.  ripo6jieMa  ycToftuHBOCTH  pemeHHit  pa3HOCTHbix  ypaBHeHHft, 
oiiHChrBatoinHx  noBe,n,eHiie  .nyiCKpeTHbix  cucTeM,  uBjiueTCJi  o,h,hoh  h3  qeHTpajibHbix  npn  aHajni3e  KOHKpeTHOii 
MO,n,e.iiH. 

B  ,n,OKjia^i,e  paccMaTpiiBaiOTCH  pa3jniHHbie  MeTO,n,bi  pemeHiia  salami  ycToftuHBOCTH,  OTMeuaiOTCJi  hx  ,zi,octo- 
iiHCTBa  h  He,n,ocTaTKii.  ITomiimo  ycTOH'iHBOCTH  OTHOcriTejibHO  B03MymeHiifi  HauajibHbix  ycjiOBiiii  (ycTOiiuiiBOCTb 
no  JIunyHOBy)  o6cy>iyzi,aeTCH  TaK»ce  BjiHHHne  Ha  xapaKTep  noBe^emiH  pemeHiiii  pa3Horo  po,n,a  napaMeTpuue- 
ckhx  B03Mynj,eHiiii.  MeTO,n,  <J>yHKii,HH  JIunyHOBa  uBjiueTCsi  o,h,hhm  h3  BancHeiinmx  imcTpyMeHTOB  nccjie,n,OBaHH!i 
Ha  ycTOHHHBOCTb.  BojibHiiiHCTBO  H3BecTHbix  pe3yjibTaTOB  06  ycTOHHHBOCTH  b  paMKax  npHMoro  MeTO,n,a  Jluny- 
HOBa  HBjiaeTCH  pacnpocTpaHemieM  na  ^piCKpeTHbie  cucTeMbi  TeopeM  o  ^ocTaTOHHbix  ycjiOBiinx  ycTOiiuiiBOCTii 
pemeHiiii  ^iKjjcjDepeHpiiajibHbix  ypaBHeHiiii. 

B  HacTOHm,ee  BpeMH  ccjDopMiipoBajiocb  HOBoe  HanpaBjiem-ie  b  Teopnii  pasHOCTHbix  ypaBHeHiiii  —  pa3HOCTHbie 
ypaBHeHiiH  c  3ana3,n,biBaHiieM.  Bo  MHon-ix  cjiyuaux  Tam-ie  ypaBHemra  jierKO  cbo,h,jitcji  k  ypaBHemno  6e3  3ana3- 
,n,biBaHHJi  hjih  MoryT  paccMaTpiiBaTbCH  nan  pa3HOCTHbie  ypaBHemra  BbicoKoro  nopjmica.  TeM  He  MeHee,  cjie^,yeT 
npii3HaTb  n,ejiecoo6pa3HOCTb  pa3BiiTira  MeTO^OB,  cnequajibHO  HaqejieHHbix  na  iiccjie1n,OBaHira  ,n,aHHoro  Kjiacca 
pa3HOCTHbix  ypaBHeHiiii.  B  ,n,OKjia^i,e  o6cyjKyi,aiOTCH  nepcneKTiiBbi  pacnpocTpaHemra  He  pa3HOCTHbie  ypaBHemra 
c  3ana3^biBaHiieM  MeTOflOB,  pa3BHTbix  .zpra  <J>yHKH,iiOHajibHO-,ii,H4)4)epeHii,Ha.JibHbix  ypaBHeHiiii. 

IlycTb  J[a,  b]  C  Z  ecTb  mhoikbctbo  qejibix  miceji  na  cerMeHTe  [a,  b]  C  R.  fl ,jra  HaTypajibHoro  p  o6o3Ha- 
hhm  chmbojiom  Mp  MHOJKecTBO  Bcex  OTo6pajKeHHi“i  p  :  J[—p,  0]  — *  R™.  BBe^eM  b  npocTpaHCTBe  Mp  nopMy 
||<p||  =  max{|<£>(s)|  :  s  G  J[—  p,  0]},  r^e  |  •  |  nopMa  b  R™.  Jlfln  3a^aHHoii  nocjie^OBaTejibHOCTH  x  :  Z  — >  Rra, 
k  i— >  x(k)  o6o3HaHHM  uepe3  x[k]  sjieMeHT  npocTpaHCTBa  Mp,  onpe^ejieHHbiii  cjie^yiOHi,HM  o6pa30M:  x[k]  (s)  = 
x{k  +  s),  s  =  —p, . . . ,  0.  PaccMOTpi-iM  .giiCKpeTHyio  cucTeMy  Bima 

x(k  +  1)  =  F(k,  x[k}),  k  =  a,  a  +  1, . . . ,  (1) 

r^e  4)yHKii,HH  F  :  Z  x  Mp  — »  R”  ,zyra  Kauynpro  k  £  Z  onpe^ejieHa  h  nenpepbiBHa  b  o6jiacTH,  F(k,  0)  =  0, 
k  =  a,  cr  +  1,....  BBe^eM  b  paccMOTpemie  mhoikbctbo  Ar  =  {(/?€  Mp  :  ||<p||  <  i?|<p(0)|},  R  >  1.  HeTpy^HO 
BH,n,eTb,  hto  nepBaH  pa3HOCTb  Ha3a^  HopMbi  tohkii  Ha  cjjasoBoii  TpaeKTopiiii  pemeHiiH  ypaBHeHiiH  (1)  b  npo- 
CTpaHCTBe  Mp  MoaceT  B03pacTaTb  Tor^a  h  tojibko  Tor^a,  Kor^a  TOHKa  npiiHa^jiejKHT  A\.  3anncb  Bima  (1) 
no3BOJuieT  c  e^HHoii  no3Hii,HH  paccMaTpiiBaTb  Bee  B03MO>KHbie  Timbi  pasHOCTHbix  ypaBHeHiiii  c  3ana3flbiBaHiieM. 
Kax  ii  ^,jih  4)yHKii,HOHajibHO-^i,H4)4)epeHii,HajibHbix  ypaBHeHiiii,  iicnojib30BaHiie  cbohctb  MHoncecTBa  Ar,  no3- 
BOJuieT  3(J>4)eKTHBHO  pacHiiipiiTb  Kjiacc  ^onycTHMbix  (J)yHKii,Hii  JInnyHOBa  h  ynpocTiiTb  3a^,any  iiccjie^OBaHHH 
ycToiiHHBOCTii  b  cjiynae,  Kor^a  ypaBHeiine  (1)  b  onpe^ejieHHOM  CMbicjie  6jih3ko  k  ypaBHeHino  6e3  3ana3^biBaHiui, 
HanpiiMep,  co^epiKiiT  3ana3^biBaHiie  b  nejiiiHeiiHbix  cjiaraeMbix. 


On  Stability  of  Discrete  Systems 

Anashkin  O.V. 

Taurida  National  University,  Simferopol,  Ukraine 

Discrete  systems  or  difference  equations  are  most  appropriate  tool  to  describe  a  lot  of  different  dynamic  processes 
in  population  dynamics,  industry,  economics  and  so  on.  Difference  equations  appear  quite  naturally  inside  of 
various  theoretical  sciences  and  not  only  in  mathematics.  The  paper  is  devoted  to  some  aspects  of  the  theory 
of  stability  of  difference  equations.  Main  attention  is  given  to  difference  equations  with  delay. 


METOJJbl  A.M.  Jinny  HOB  A  B  XAOTHHECKOH  fiHHAMHKE 
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nEPEXOA  OT  PACnPEAEJTEHHbIX  CHCTEM  K  KOHEHHOMEPHbIM: 
PACHET  KOJIHHECTBEHHbIX  XAPAKTEPHCTHK  PE>KHMOB 

CJICDKHOH  flHHAMHKH 

BajiaKHH  A. A. 

CapamoecKuu  eocydapcmeennuu  ynueepcumem,  Poccua 

PacneT  KOjniHecTBeHHbix  xapaKTepiiCTiiK  pokhmob  cjiojkhoh  .gi-maMinai  (cnexTp  noKa3aTejiei"i  JlanyHOBa,  pa3- 
MepHOCTB  npocTpaHCTBa  BjioxcemiH  h  T.n.)  HBjiaeTca  k  HacTOHipeMy  BpeMemi  BajKHbiM  HanpaBjiemieM  b  HejiiiHeii- 
HOi"i  fliHaMHKe.  MeTO,n,bi,  i-icnojib3yeMbie  b  cjiynae  KOHenHOMepHbix  ciiCTeM,  c  ycnexoM  npiiMeHHiOTCH  b  cjiynae 
pacnpe^ejieHHbix  ciiereM.  B  nacTHOCTii,  paspaboTaHa  MeTO^iiKa  pacneTa  cneKTpa  noKa3aTejieii  JlanyHOBa  ^jia 
ciiCTeM  c  6ecKOHeHHbiM  hhcjiom  CTeneHeti  CBo6o,n,bi,  ocHOBaHHaa  Ha  McypicJjHKanHH  MeTO,a,a  BeHeTTima. 

PaHee  HaMH  6buia  iiccae^OBaHa  caoacHaa  ^HHaMHKa  b  MO^ejin  KOJinpeBoro  pe30HaTopa,  3anojiHeHHoro  Hejrn- 
HeiiHOH  cpe/tOH,  no,g  BHemHHM  rapMOHiiaecKiiM  B03,a,eiicTBHeM.  ,ZI,aHHaH  CHCTeMa  oraicbiBaeTca  HejiHHeimbiM 
ypaBHeHiieM  IIIpe^iiHrepa  (HYIII)  c  3ana3,a,biBaioiii,HM  rpamiHHbiM  ycjiOBiieM,  KOTopoe  b  cjiynae  cjia6oi"i  .nyicnep- 
ciiH  MoaceT  6bitb  CBe,a,eHO  k  ^ByMepHOMy  OTo6pa»ceHiiio  (oTo6pa»ceHiie  IlKe^bi) .  ITpn  yneTe  ^ncnepcHH  cjioacHaa 
flHHaMHKa  ciiCTeMbi  o6ycjiOBjieHa  MO^yjiapiiOHHoii  HeycTOiiaiiBOCTbio  h  nepexo,a,  k  xaocy  npoiicxo,n,HT  nepe3  pa3- 
pymemie  KBasiinepiio^iiHecKoro  flBHxeHHa.  B  cjiynae  cjia6oi"i  ^ncnepcHH  scJxJjeKTbi,  CBa3aHHbie  c  MO,a,yjiaH,HOH- 
hoh  HeycTOHHiiBOCTbio ,  HecymecTBeHHbi,  h  ^iiHaMiiKa  CiiCTeMbi  KaaecTBeimo  MeHaeTca  h  HanimaeT  HanoMiuiaTb 
noBe^emie  CiiCTeMbi  HKe,gbi:  b  peaaiMe  aBTOMO^ynapini  oi  H6arom,aa  ciirHajia  HanoMimaeT  nocjie,a,OBaTejibHOCTb 
noHTH  npaMoyroabHbix  HMnyjibcOB,  h  nepexofl  k  xaocy  npoiicxo,a,HT  no  cpeHapino  <Pei1reH6ayMa. 

B  HacToameii  pa6oTe  npe^CTaBjieHbi  pacneTa  cneKTpa  noKasaTeaeii  JlanyHOBa  pjisl  ,n,Byx  sthx  cjiynaeB. 
lIoKa3aHO,  hto  .zyia  MO^ejni  KOjinpeBoro  HejiiiHeimoro  pe30HaTopa  c  yneTOM  .nyicnepciiH  B03MO>KHbi  peaaiMbi 
nmepxaoca  (6ojiee  ,n,Byx  noaoaaiTeabHbix  noKasaTejieii  JIanyHOBa).  OGHapyaceHO,  hto  b  cjiynae  cjiabofi  riic- 
nepciiii  mohcho  BbmejniTb  ,a,Ba  «ochobhbix»  nanpaBaeHiia  b  (J>a30BOM  npocTpaHCTBe,  b^ojib  KOTopbix  HMeeT  mccto 
Hai-iMeHbmee  cacaTiie  N-MepHoro  ajuinncorma  H3o6paacaioiii,iix  tohck.  CooTBeTCTBemio ,  flaa  onncamiH  CiiCTeMbi 
MoacHO  nepeiiTii  ot  Moreau  HYIII  c  3ana3,a,biBaHHeM  k  OTo6paacemiio  Hkc^h.  npoBe,a,eHO  cpaBHemie  3HaHeHin"i 
.HanyHOBCKiix  noKa3aTeaeii,  noayneHHbix  b  paMKax  o6ohx  MO^eaeii  npn  o^imaKOBbix  3HaHemiHx  napaMeTpoB. 
noKa3aHO,  hto  HMeeTca  xopomee  cooTBeTCTBiie  Meac^y  SHaaeHHaMH  noKa3aTeaei"i  JlanyHOBa,  paccHHTaHHbiMi-i 
b  paMKax  MO,n,eaeii  pacnpe,a,eaeHHoii  h  kohchhomgphoh  ciictcm. 

PaboTa  BbinoaHeHa  npn  no,imepacKe  rpaHTOB  MK-4945.2006.2,  CRDF  Y3-P-06-02,  POOH  N2  06-02-16773. 

JlHTepaiypa 

[1]  BaaaKiiH  A. A.,  BjioxiiHa  E.B.  //  Kombepempia  Moaoflbix  yaeHbix  «HaH03jieKTpoHHKa,  HaHOcjjOTOHHKa  h  HejiiiHeimaa 
c|:)n3MKa».  CapaTOB,  2006.  C.  65. 

[2]  Balyakin  A. A.,  Ryskin  N.M.,  Khavroshin  O.S.  //  Books  of  abstracts  "Dynamics  Days  Europe  2006  Crete,  Greece, 
P.  47. 

[3]  BaaaKHH  A. A.,  Pbickhh  H.M.,  XaBpomiiH  O.C.  //  H3b.  By30B.  PaflnoOroHKa.  2007  (b  nenaTn). 


Prom  Distributed  to  Finite-Dimensional  Systems:  Calculation  of  Quantitative 
Characteristics  of  Regimes  of  Complex  dynamics 

Balyakin  A. A. 

Saratov  State  University,  Russia 

We  present  the  results  of  numerical  calculations  of  quantitative  characteristics  of  complex  regimes  for  the  model 
of  a  ring  cavity,  described  by  nonlinear  Schroedinger  equation  with  delay  term.  The  special  attention  is  paid  to 
the  case  when  the  dispersion  is  negligible,  in  that  case  infinite  system  can  be  reduced  to  the  finite  one,  that  can 
be  well  described  with  the  help  of  the  Ikeda  map.  We  compared  the  results  obtained  for  both  cases  and  found 
good  coincidence. 
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OCOBEHHOCTH  PACHETA  CIIEKTPA  IIOKA3ATEJIEH  JianYHOBA 
B  PACnPEAEJIEHHBIX  CHCTEMAX 

BajiaKHH  A. A.,  BjioxHHa  E.B. 

CapamoecKuu  eocydapcmeennuu  ynueepcumem,  Poccuh 

Ilccjie^OBaHiie  xaoTHuecxoH  ypmaMHXH  b  pacnpe,n,ejieHHBix  cucTeMax  npe^CTaBjiaeT  cero,n,HH  Banoiyio  h  HeTpiiBii- 
ajiBHyro  3a,n,aHy.  xojiHHecTBeHHoft  xapaxTepiiCTiixn  cjiohchbix  pejxHMOB  iicnojiB3yiOT  noKa3aTejin  JlanyHOBa 
(Jin),  KOTopbie  onpe^ejiaiOT  sxcnoHeHpuajiBHBiH  b  cpeypieM  pocT  (hjih  3aTyxamie)  B03Myin,eHHH  b6jih3h  thiihh- 
hoi“i  npiiHa,a,jie>Kamei“i  aTTpaxTopy  (J>a30BOH  TpaexTopini.  npn  stom  nojiHoe  hiicjio  JTO  OTBeuaeT  pa3MepHOCTH 
cjjasoBoro  npocTpaHCTBa  chctcmbi.  KpiiTepiieM  xaoca  HBjiaeTCH  npiicyTCTBiie  b  cnexTpe  xoth  6bi  o^Horo  nojio- 
>KiiTejiBHoro  noKa3aTejia.  Ecjih  iiMeeTCH  6ojiee  o,a,Horo  nojionaiTejiBHoro  JTO,  roBopHT  o  ninepxaoce.  B  cjiyuae 
pacnpe,n,e.jieHHBix  ciiCTeM,  (J>a30Boe  npocTpaHCTBO  KOTopbix  HBjraeTCH  6ecxoHeHHOMepHBiM,  hiicjio  noxasaTejieii 
Jin  TaK*e  6ya,eT  6ecxoHeHHBiM. 

B  HacTOHiu,eii  pa6oTe  mbi  omiCBiBaeM  HiicjieHHyio  cxeMy  pacneTa  cnexTpa  noKa3aTejieii  JInnyHOBa  ,zyi5i  ps- 
,a,a  pacnpe^ejieHHBix  paflHOcj)H3HHecxHx  CiiCTeM,  ochob aHHy io  Ha  m h  <f)  h  xa  u  h  h  MeTO,n,a  BeHeTTima.  PaccMOT- 
peHBi  MO,a,ejiH  pacnpe^ejieHHBix  aBTOKOJie6aTejiBHBix  ciiCTeM  c  3ana3,n,BiBaHHeM,  Hejn-iHeilHBix  pacnpe,n,ejieHHBix 
pe30HaTopoB,  3anojiHeHHBix  cpe,n,OH  c  MO^yjiHpiiOHHOH  HeycTOiiHiiBOCTBio,  a  Taxxe  pacnpe,n,ejieHHBix  chctcm 
sjieKTpoiiHO-BOJiHOBoii  npnpo^Bi. 

OraicaHBi  xapaxTepHBie  pe>KHMBi,  Ha6jno1n,aiOHi,Hecji  b  ,n,aHHBix  cucTeMax  h  npHBe,n,eHBi  pe3yjiBTaTBi  pacne- 
tob  cnexTpa  noKa3aTejieii  JlanyHOBa  ^,jih  sthx  pe>KHMOB.  noxa3aHO,  hto  cyipecTByiOT  xax  penaiMBi  «cjia6oro» 
xaoca,  xapaxTepii3yK)iii,iiecH  o/(hhm  nojio^xiiTejiBHBiM  noxasaTejieM  JlanyHOBa,  Tax  h  poxhmbi  «pa3BHToro»  xa¬ 
oca,  xor^a  HMeeTCH  6ojiee  hcm  o^hh  nojiOHaiTejiBHBiii  noxa3aTejiB  JlanyHOBa  (minepxaoc).  Ha  npi-iMepe  MO,n,ejiH 
nipoTpoHa  c  HecjDiixciipoBaHHoii  CTpyxTypoii  npo,n,ojiBHoro  nojiH  noxa3aHO,  hto  pa3MepHOCTB  xaoTiiHecxnx  aT- 
TpaxTopoB  MO>xeT  6bitb  aHOM ajiBHO  bbicoxoh. 

06cy>x,ii,aK)TCH  TiiniiHHBie  oco6chhocth  pacneTa  cnexTpa  noxa3aTejiei"i  JlanyHOBa  b  pacnpe,n,ejieHHBix  cucTe- 
Max.  noxasaHO,  hto  xohxpcthbih  ram  HanajiBHoro  B03Myiu,eHiisi  He  BjinaeT  Ha  tohhoctb  nojiynaeMBix  3HaHeHin“i 
cnexTpa  Jin  h  cxa3BiBaeTCH  jiiihib  Ha  cxopocTii  BBixo^a  3aBHCHMOCTH  HaxanjiHBaiomiixcji  cyMM  ot  BpeMemi 
Ha  JIHHeHHBIH  3aXOH.  YcTaHOBJieHO,  HTO  HIICJIO  paCCHI-ITBIBaeMBIX  Jin  He  BJII'IHeT  Ha  TOHHOCTB  BBIHHCJieHIIH  H 
npe,a,jio>xeHHaH  HiicjieHHan  cxeMa  xoporno  pa6oTaeT  pjisi  jiro6oro  3HaHeHiiH  npocTpaHCTBa  bjiohcchhh.  OmicaHa 
BBicoxaa  HyBCTBHTejiBHOCTB  HyjieBBix  ,nn  x  H3MeHeHiiK)  napaMeTpoB  hhcjichhoh  cxeMBi,  hto  mohcct  o6jierHHTB 
pa3JiHHeHHe  pejxHMOB  «cjia6oro»  xaoca  c  e,n,nHCTBeHHBiM  nojiojxnTejiBHBiM  ,Hn  h  nmepxaoca.  06cy>xyi,aeTCH 
3aBricriMOCTB  pe3yjiBTaTOB  xoMnBK)TepHoro  MO^ejinpoBaHini  ot  napaMeTpoB  hhcjichhoh  cxeMBi.  noxasaHO,  hto 
cxopocTB  pacneTOB  MonceT  6bitb  cymecTBeHHO  ycxopeHa,  ecjin  3a,n,aBaTB  HanajiBHoe  B03Myin,eHiie  b  Bime  pa3Jio- 
HCeHIIH  no  J [ H H e H H hi M  Co6cTBeHHBIM  MOflaM. 

PaboTa  BBinojiHeHa  npn  noAfl,ep>xxe  rpaHTOB  MK-4945.2006.2,  CRDF  Y3-P-06-02,  POOH  N2Ne  05-02-16931 
h  06-02-16773. 

JlHTepaiypa 

[1]  Ky3Hen,OB  C.IT.,  Tpy6eu,KOB  JJ.H.  //  H3b.  By30B.  Pa,a,Ho4>H3HKa.  2004.  T.  48.  N2  5-6.  C.  383-398. 

[2]  BjioxHHa  E.B.,  Ky3Hen,OB  C.I1.,  PoxoieB  AT.  //  niictMa  b  yKTO.  2006.  T.  32.  N2  8.  C.  83-94. 

[3]  BajiaxiiH  A. A.,  BjioxHHa  E.B.  //  KoHOepempia  mojio,zi,bix  yneHBix  «HaH03jiexTpoHHKa,  HaHOcjjOTOHHKa  h  HejiiiHeitHaa 
cl)H3ii Ka».  CapaTOB,  2006.  C.  65. 


The  Pecularities  of  Lyapunov  Spectrum  Calculation  in  Distributed  Systems 

Balyakin  A. A.,  Blokhina  E.V. 

Saratov  State  University,  Russia 

We  discuss  some  features  that  are  typical  for  Lyapunov  spectra  calculation  for  distributed  systems.  We  present 
the  results  of  numerical  simulations  for  several  models  of  distributed  systems  of  radiophysical  nature.  Our  study 
was  aimed  at  following  aspects:  the  behaviour  of  zero  exponents,  the  regime  of  hyperchaotic  oscillations,  the 
influence  of  numeric  scheme  parameters  on  the  Lyapunov  exponents  values. 


METOJJbl  A.M.  JJanyHOBA  B  XAOTHUECKOH  fiHHAMHKE 
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YCTOHHHBblE  nEPHO^HHECKHE  TOHKH  rJIA^KHX 
,3[H  <P<PEOMOP<PH3MOB  C  rOMOKJIHHHHECKOH  TOHKOH 

BacHJit.eBa  E.B. 

CaHKm-nemepSypzcKuu  gocydapcmeenHuu  ynueepcumem,  Poccun 

PaccMaTpi-iBaeTCH  ,n,H4)4)eoMop4)ii3M  njiocxocTii  b  ce6a  Kjiacca  Cr,  rpfi  1  <  r  <  oo,  c  ninep6ojiiiHecKoii  Heno- 
^.BiiyKHoii  to'ikoh.  IIpe,ii,no.JiaraeTCH  HajiHHHe  HeTpaHCBepcajiBHoii  i  omo k j i  h  h  h  ' rec ko h  tohxh. 

H3  pa6oT  III.  Hbioxayca,  B.  O.  IlBaHOBa,  JI.  II.  IIIiuiBHiixoBa  h  .npyrux  aBTopoB  [1-3]  cjie^yeT,  hto  npn  bbi- 
nojiHemni  onpe^ejieHHBix  ycjiOBiiii  npoii3BOJiBHaH  OKpecTHOCTB  10 m o k j [  h  h  h  '  1  e c ko ii  tohxh  co^epyKHT  6ecxoHenHoe 
MHOxecTBO  ycTOHHiiBBix  nepiio,n,HHecxHx  Tonex,  o^,HaKO,  no  xpaimeft  Mepe,  o/ijih  h3  xap axrrep  hct  h  nee  k  h  x  no- 
Ka3aTejieii  sthx  Tonex  CTpeMiiTCH  k  Hymo  c  poctom  nepno^a.  9th  ycjiOBiin  HaKjia^BiBaiOTCH,  npen<yi,e  Bcero,  Ha 
xapaxTep  xacamiH  ycTOHHHBoro  h  HeycTonmiBoro  MHoroo6pa3in“i  HenoflBH>KHoii  tohkii. 

B  paboTe  [4]  .zyia  ^,H<J)4)eoMop4)H3Ma  Kjiacca  C 1  noxa3aHO,  hto  npn  iihom  cnoco6e  xacamiH  ycTOHHHBoro 
h  neycTOHHHBoro  MHoroo6pa3Hi“i  oxpecTHOCTB  roMOxjiriHrmecxoH  tohxi-i  MO>xeT  co,n,ep>xaTB  cneTHoe  MHOxecTBO 
ycTOHHHBBix  nepiio^HHecxiix  Tonex,  npn  stom  xapaxTepncTHHecxne  noxasaTejin  y  stiix  Tonex  MeHbrne  HexoTO- 
poro  3apaHee  3a^aHHoro  OTpi-ipaTejiBHoro  Hiicjia. 

Ifejm  ^aHHoii  pa6oTBi  -  noxa3aTB,  hto  sto  cboiictbo  MO>xeT  iimotb  MecTO  h  y  ,n,H4)4)eoMop4)H3MOB  xjiacca 
Cr ,  rpp  r  >  1.  Bojiee  toto,  sto  cnpaBe^jniBO  h  b  cjiynae  flH(JxJ)eoMop(J)H3Ma  xjiacca  C°°. 

JlHTepaTypa 

[1]  Sh.  Newhouse  / /  Topology,  1973.  V.  12.  P.  9-18. 

[2]  B.  0.  lleanoe  //  ^Hchchepemi,.  ypaBHemis,  1979.  T.  XV,  Xs  8.  C.  1411-1419. 

[3]  C.  B.  romeHKO,  JI.  77.  IIIuAVHUKoe  / /  /foKjia/ibi  AxafleMnn  Hayx,  1986.  T.  286,  Na5.  C.  1049-1053. 

[4]  E.  B.  BacuAveea  / /  /foKjiaflbi  AxafleMHii  Hayx,  2005.  T.  400,  N®2.  C.  151-152. 


Stable  Periodic  Points  of  Smooth  Diffeomorphisms  with  Gomoclinic  Point 

Vasiljeva  E.V. 

Saint  Petersburg  State  University,  Russia 

The  goal  of  this  work  is  to  prove  that  a  neighborrhood  of  homoclinic  point  may  contain  a  countable  set  of  stable 
periodic  points  with  characteristic  exponents  smaller  any  negative  number  for  diffeomorphisms  (7r-class  (r  >  1). 
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CHAOS  THEORY 


H3YHEHHE  EH$yPKAI];HH,  IIP HB O^aillEH  K  XAOCY  B 
AHHAMHHECKHX  CHCTEMAX  C  YAAPHblMH 
B3AHMOflEHCTBH3MH 

rop6nKOB  C.n.,  MeHbineHHHa  A.B. 

HutmeeopodcKuu  zocydapcmeennuu  apxumeKmypHo-cmpoumeAbHuu  ynueepcumem,  Poccuh 

IIsynaeTCH  dMcjyypKanHi-r,  KOTopaa  MoaceT  npoiicxo^iiTb  b  ^HHaMHHecKHx  cucTeMax  c  y/tapHHMn  B3aiiMO,a,eii- 
ctbhhmh,  CBoeo6pa3HOM  Kjiacce  HMnyjiBCHBix  ^i-KjxJjepeHpiiajiBHBix  ypaBHemiH.  BiKjjypKapiia,  B03HiiKaeT  npii 
nona^aHHH  nepno^iiHecKoro  flBHJKeHHH  Ha  rpammy  o6jiacTH  cymecTBOBam-iH  6ecKOHeHHoyn,apHBix  .gBHJKeHHH 
(flBHJKeHHH  c  6ecKOHeHHBiM  hhcjiom  yuapHBix  B3aHMO,fl,eHCTBHH  Ha  KOHenHOM  npoMexyTKe  BpeMem-i) . 

IloKasaHO,  KaKHM  o6pa30M  npn  paccMaTpiiBaeMoii  fmcpypKauHH  b  h h aM h t i e c ko h  ciiCTeMe  MoryT  bo3hii- 
KaTB  no^KOBBi  hjih  KpaTHBie  no,a,KOBBi  CMeiuia.  (ITo,n,  nocjie^HHMii  noHiiMaiOTCJi  no,n,KOBBi,  o6pa3yK>m,HecH  npii 
fleficTBHH  CTeneHeii  TOueuHBix  OTo6pa»ceHHH,  onpe^ejmeMBix  ^3 h  h a m h  t i ec ko h  CHCTeMoft).  ,H0Ka3aHbI  TeopeMBi 
O  CHMBOJIHHeCKOM  OnHCaHI-IH  B03HHKai0HI,HX  npii  H3yHaeMOH  6)H<j.)ypKaHHH  CJIOHCHBIX  flBHJKeHHH  flHHaMHHeCKOH 
CHCTeMBI  H  O  CymeCTBOBaHHH  XaOTIIHeCKHX  flBHJKeHHH  B  MajIOH  OKpeCTHOCTI-I  (b  (J>a30B0M  npocTpaHCTBe)  nepii- 
o,a,HHecKoro  ^bhikchhii,  npeTepneBaiomero  6ii(J>ypKaii,Hio. 

Om-iCBiBaeMaa  6ii(J>ypKaii,HH  paccMaTpiiBaeTca  Ha  npiiMepe  o,h,hoh  KOHKpeTHOH  BH6poyn,apHOH  chctcmbi.  B 
pe3yjiBTaTe  uiicjieHHBix  SKcnepiiMeHTOB  yKa3aHBi  napaMeTpbi  h  o6jiacTii  b  npocTpaHCTBe  napaMeTpoB  chctcmbi, 
npii  KOTopBix  npoHCxo^HT  Hsy'iaeMaH  6ii(J>ypKaii,H5i  h  B03HiiKaiOT  xaoTHuecKne  ^bh>k6hhh.  IIo^kobbi  ii  KpaTHBie 
no,a,KOBBi  CMeiuia,  Ha6jno1n,aBHiiiecH  b  stom  cjiyuae,  o6t>hchhiot  h a j  1  h t i h e  xaoTiiHecKiix  ^bhikchhh. 

HncjieHHO  nsyuaiOTCJi  CTaTHCTHHecKHe  CBoiicTBa  HaimeHHBix  xaoTHuecKHx  ^BHiKeHHft.  rioKa3aHO,  hto  b  ,n,aH- 
hoh  CHTyapHH  «cpe,a,Hee  no  aHcaM6jno  coBna,n,aeT  co  cpe,ii,HHM  no  BpeMeHii».  HaimeHO  Heo6BiHHoe  HHBapiiaHTHoe 
MHoncecTBO,  B03HHKaiomee  b  Majioi"i  OKpecTHOCTH  nepiio,H,HHecKoro  flBHJKeHHJi,  KOTopoe  npeTepneBaeT  6ii(J>ypKa- 
H.HIO.  9t0  MHOHCeCTBO  HBJIHeTCH  npe,H,e.JIBHBIM  RJIK  IipOHCXO/I.HIUHX  B  CI-ICTeMe  XaOTIIHeCKHX  /^BH>K6HHH. 


Investigation  of  the  Bifurcation  Resulting  in  Chaotic  Motions  of 
Dynamical  Systems  with  Impact  Interactions 

Gorbikov  S.P.,  Menshenina  A.V. 

Nizhny  Novgorod  State  University  of  Architecture  and  Civil  Engineering,  Russia 

A  new  bifurcation  of  dynamical  systems  with  impact  interactions  is  investigated  in  the  report.  It  is  shown 
how  Smale’s  horseshoes  or  multiple  Smale’s  horseshoes  can  emerge  in  considered  systems  after  the  bifurcation. 
There  are  proved  theorems  that  the  bifurcation  implies  chaotic  behavior  of  the  systems  motions.  A  model 
of  vibro-impact  device  is  considered  as  an  example.  Statistical  characteristics  of  chaotic  motions  arising  from 
the  bifurcation  are  researched  in  computer  simulation  of  specified  system.  According  to  the  computational 
investigations,  these  chaotic  motions  have  unusual  limiting  set. 


METOfibl  A.M.  JianyHOBA  B  XAOTHBECKOH  fiHHAMHKE 
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CyiHECTBOBAHHE  IIPE^EJlbHOrO  IJHKJIA  B  CHCTEME 
C  rnCTEPE3HCHOH  OYHKIIHEH  PEJIEHHOrO  TIBIA 

Eb/],okhmob  C.E.,  3BarHHii,eBa  T.E. 

CatiKm.  IJemepUypscKuu  zocydapcmeennuu  ynueepcumem,  Poccuh 
Prijy  um.  A. Id.  repyeua,  Poccuh 

PaccMaTpi-iBaeTca  ciiCTeMa  aBTOMaTiiuecKoro  peryjnipoBaHiiH 

f  x  =  y, 

1  V  =  -ay-  /3x-<p(t,o-), 


rpp  a  =  ay  +  bx,  a  >  0,  (3  >  0,  ip(t,  a)  HejiHHeftHaa  Heo,n,H03HaHHaH  cjryHKpusi. 

B  CTaTBe  r.A.  JleoHOBa  c  noMoni,Bio  MeTO,n,a  ciiCTeM  cpaBHeHira  nojiyneHBi  scjxjDeKTiiBHO  npoBepneMBie  Heo6- 
xofliiMBie  h  ,n,ocTaTOHHBie  ycjiOBini  a6cojnoTHoii  ycTOHHHBOCTH  ,n,ByMepHBix  HecTapiiOHapHBix  CiiCTeM  Bima  (1), 
r,n,e  cjryHKiijiH  ip(t,<j)  ynpBjieTBopneT  ceKTopHOMy  ycjiOBiiio  0  <  ip(t,<j)cr  <  ka2  pjisi  jik>6bix  t  h  a. 

B  HacTOHiu,eii  pa6oTe  mcto^om,  aHajioraiHHBiM  [1],  paccMaTpiiBaeTCH  CiiCTeMa  (1)  npii  ycjiOBHH,  hto  cJryHKiijiH 
ip(t,  a)  om-iCBiBaeT  pejieimyio  niCTepe3iiCHyio  neTjno  c  oSxo/tpM  npoTiiB  nacoBOii  CTpejiKii: 


J  M,  ecjin  a  >  —5, 

\  —M,  ecjin  a  <  S  (M,5  >  0). 


(2) 


IIpe,ii,nojio>KiiM,  hto  nepe^aTOHHaa  cJryHKiijiJi  ciiCTeMBi  (1)  W(p)  = 


ap  - 


p2  +  ap  +  (3 


HBJIHeTCH  HeBBipOJK,II,eHHOI'I, 


T.e.  b 2  —  aab+  a2j3  ^  0-  noBe/temie  CiiCTeMBi  (1)  c  HejniHeimocTBio  Bima  (2)  xoporno  iisyneHO  aHajiHTHnecKHMH 
MeTO,a,aMii  b  nacTHOM  cjiynae,  xor^a  f3  =  0,  h  b  ,npyroM  nacTHOM  cjiynae,  KOiyja  a  =  0  (imnpiiMep,  [2-3]).  3,n,ecB 
paccMaTpiiBaeTCH  Haii6ojiee  06111,1111  cjiynaii. 

Byn,eM  npe^nojiaraTB,  hto  a  >  0,  Alb  —  5/3  >  0.  IIocjie^Hee  ycjiOBiie  03HanaeT,  hto  coctohhiih  paBHOBecnn 
(±M//3, 0)  ciiCTeMBi  (1)  hbjuhotch  «BiipTyajiBHBiMn»,  T.e.  He  npiiHa^jiejKaT  ^ByjniCTHOMy  cjraaoBOMy  npocTpaH- 
CTBy  ciiCTeMBi  (1). 

AoKasBiBaeTCH  cjie,n,yioiii,aH  TeopeMa. 

TeopeMa.  IIpii  c^ejiaHHBix  BBirne  npe^nojioJKeHiiHx  Ha  c[)a30BOH  noBepxHOCTii  CiiCTeMBi  (1)  cyipecTByeT  npe- 
flejIBHBIH  H.HKJI. 


JlnTepaTypa 

[1]  JleoHOB  r.A.  Heo6xoflHMbie  ii  floCTaTOHHbie  ycjiOBiis  a6cojnoTHoii  ycTOiiHiiBOCTii  flByMepHbix  HecTapiiOHapHbix  cnereM. 
ABTOMaTHKa  h  TejieMexaHiiKa.  N2  7,  2005,  c.  43-53. 

[2]  Ah^pohob  A. A.,  Butt  A. A.,  XaiiKiiH  C.9.  Teopua  KOJie6aHim.  M.:  €>H3MaTrH3,  1959. 

[3]  Bbiiikhh  51.3.  PejieliHbie  aBTOMaTiiuecKiie  CHCTeMbi.  M.:  Hayxa,  1974. 


Existence  of  Limit  Cycle  in  Systems  with  Relay  Type  Hysteresis  Function 

Evdokimov  S.M.,  Zvyagintseva  T.E. 

Saint  Petersburg  State  University,  Russia 
RSPU  named  by  A. I.  Gertsen,  Saint  Petersburg,  Russia 


Control  system 

f  x  =  y, 

\  V  =  -ay  -  (3x  -  <p(t,a) 

is  considered.  Nonlinear  function  <p(t,cr)  describes  hysteresis  loop  with  anticlockwise  direction: 


f  M,  if  a  >  —5, 

{  —M,  if  cr  <  <5  (M,5>  0). 


With  the  assumption  ti2  —  aab  +  a2 (3  ^  0,  a,  (3,  a,  b  >  0,  Alb  —  5/3  >  0  the  existence  of  limit  cycle  on  phase 
space  of  system  (1)  is  proved  by  the  elementary  analytical  methods. 
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CHAOS  THEORY 


CHHXPOHH3AD;H5I  CHCTEM  C  TPYBblM  XAOCOM  HA  BA3E 
CBH3AHHBIX  OCIJHJIJEHTOPOB  BAH-^EP-nOJIH 

HCajiHHH  A.KD. 

CapamoecKuu  $uaucla  Hncmumyrna  paduomexnuKU  u  aAenmpoHUKU  PAH,  Poccua 

rtoTOKOBaa  ciiCTeMa  c  rpy6niM  xaoTHnecxHM  aTTpaKTopoM  Tima  CMeiijia-Bi-ijiMMca  6bijia  npe,a,ji0JKeHa  b  pa6oTe 
C.n.  Ky3HepoBa  (Phys.  Rev.  Lett.  95,  2005,  144101).  9Ta  CiiCTeMa  npe^CTaBjiaeT  co6oi“i  napy  CBH3aHHBix  ocpiui- 
jiHTopoB  BaH-^ep-lIojiH  c  6a30BBiMii  nacTOTaMii  KOJie6aHHft,  OTjniHaiom,HMHCJi  B^Boe,  c  napaMeTpaMii  B036y:*yi,e- 
hmh,  Me^jieHno  h  npoTiiBO(J)a3HO  MOflyjinpyiomiiMiiCH  bo  BpeMemi,  h  c  oco6bim  TimoM  cbh3ii  Mex^y  och,hjijijito- 
paMH,  o6ecneHHBaioiii,iiM  3CTa(J>eTHyio  <J>a3y  xojie6aHiiii,  Tax  hto  sbojuohjih  xaoTH'iecxoH  (J>a3Bi  3a  o^i-ih  nepiio^i, 
MO^yjiHpmi  omiCBiBaeTCH  OTo6pa»ceHiieM  BepHyjijin,  xax  b  ii3BecTHOi“i  .nyicxpeTHOii  MO^ejin  CMeiuia-BmiBsiMca. 
Kax  6bijio  noxa3aHO  b  paboTe  Ky3Hen,OBa  h  CaTaeBa,  b  Taxoii  cucTeMe  peajui3yeTCH  rpy6biii  xaoTHnecxHH  aT- 
TpaxTop,  TpaexTopiiii  Ha  xotopom  yupBjieTBopsnoT  ycjiOBiiHM  riinep6ojiiiHHOCTH  (I43b.  BY3ob  —  npiixjia^HaH 
Hejiimeimaji  fliHamita,  14,  2006,  N2  5,  CTp.  3-29). 

B  HacTOHm,eii  pa6oTe  uccjie^yeTCH  .gi-maMi-ixa  ,n,Byx  CBH3aHHBix  cucTeM  om-icaHHoro  Tima,  b  xa>xyi,OH  H3  xo- 
TopBix  iia6jno,n,aeTC5i  CTpyxTypHO-ycTOHHiiBaH  xaoTiiHecxaji  .nyraaMi-ixa.  Mejx^y  cucTeMaMi-i  ycTaHOBjieHa  o^ho- 
HanpaBjiemiaH  cbh3b,  Tax,  hto  ynpaBjunomaH  CiiCTeMa  nepe^aeT  <J>a3y  cboiix  xaoTHHecxiix  xojiebaHiiii  ynpaB- 
jiaeMoii  nepe3  Hejiimeimyio  cjDyHxpiiio  cbh3h.  ITpn  stom  nponcxo^iiT  HBjieHiie  3axBaTa  (J>a3Bi,  h  b  ciiCTeMax 
ycTaHaBjniBaeTCH  penaiM  nojiHoii  xaoTH'iecxoH  CHHxpoHH3an,HH.  BbinojiHeHa  aHajiiiTiiHecxaH  opeHxa  3HaHeHiisi 
jumyHOBCxoro  noxasaTejia,  xapaxTepii3yiomero  .gi-maMi-ixy  TpaHCBepcajiBHBix  OTxjiOHeHi-n”i  ot  HHBapiiaHTHoro 
MHOrOo6pa3IIH  CIIHXpOHHBIX  COCTOHHHH  B  (J)a30BOM  npOCTpaHCTBe .  IIoxa3aHO,  HTO  3TOT  JUmyHOBCXIIH  nOXa3aTejIB 
HBjiaeTCH  CTporo  OTpiipaTejiBHBiM,  hto  03HanaeT  acriMnTOTriHecxyx)  ycTOiiniiBOCTB  cimxpoHHoro  xaoTHHecxoro 
pejxHMa,  a  cjDjiyxTyapiiii  jumyHOBCxoro  noxa3aTejia,  paccniiTaHHoro  Ha  xoHenHBix  BpeMeHHBix  HHTepBajiax,  He 
bbibo^ht  ero  H3  o6jiacTH  OTpHpaTejiBHBix  3HaHeHHH,  H3  nero  cjie^yeT  «chjibhbih»  xapaxTep  CHHxpoHH3an,HH. 
Taxoii  peaaiM  xojie6aHHi"i  ^ojijxen  6bitb  ycToimiiBBiM  no  OTHomeHiuo  x  paccTpoiixe  napaMeTpoB  no^,ciiCTeM  h 
a.JTJTT-TTT-TBHBTM  B03MyiU,eHHHM  B  (J)yHXH,HH  CBH3II.  A™  HJIJIIOCTpapHH  STOTO  (J>aXTa  HHCJieHHO  HCCJie^OBaHa  3aBII- 
chmoctb  OTxjiiixa  ^,ecHHxpoHH3an,HH  ot  3HaHeHHH  paccTponxii  napaMeTpoB,  a  Tax>xe  ot  Bima  h  aMnjiHTy^Bi 
B03Myin,eHHH  b  (J)yHXH,HH  CBH3H.  IIoxa3aHO,  hto  npn  Majioii  paccTpoiixe  napaMeTpoB  otxjiiix  ,n,ecHHxpoHH3a- 
h,hh  j[HHeHHHM  o6pa30M  3aBHCHT  ot  ee  BejiHHiiHBi ,  onpe,n,ejieHBi  noporoBBie  3HaHeHim  paccTponxii  napaMeTpoB, 
pa3pymaK>iu,He  penaiM  chhxpohh3 aipm .  IIccjie^OBaHO  BjinaHiie  nocTOHimoro,  rapMOHimecxoro,  xBa3iinepHO,n,H- 
necxoro  h  xaoTHHecxoro  B03Mym,eHHii  b  <J)yHxn,HH  cbh3h  Ha  penaiM  chhxpohh3 an,HH .  IIocTpoeHBi  3aBHCHMOCTH 
OTxjiiixa  ^,ecHHxpoHH3an,HH  ot  aMnjniTy^,  h  6a30BBix  nacTOT  B03Myin,eHiiH,  onpe^ejieHBi  ycjiOBHH  pe30HaHCHBix 
B03^,eiicTBHH,  BBi3BiBaroin,Hx  3HaHHTejiBHBii"i  otxjiiix  paccTponxii,  ycTaHOBjieHBi  noporoBBie  3HaHeHiiH,  3a  xo- 
TopBiMii  iiacTynaeT  paspymeniie  cimxpoHHoro  pejxHMa.  06cy»c^i,aeTCJi  bo3mo>xhoctb  ncnojiB30BaHHH  o^HOHa- 
npaBjieHO  CBH3aHHBix  cucTeM  c  rpy6niM  xaocoM  b  cxeMe  xoHcjjHfleHpiiajiBHOii  nepe^ann  HH<J)opMan,HH  na  ocHOBe 
«HejiHHei"iHoro  noflMemiiBaHHH». 

Pa6oTa  BbinojiHeHa  npn  noAfl,ep>xxe  rpaHTOB  CRDF  (BRHE  REC-006  ANNEX  BF4M06  APPENDIX  10, 
Y2-P-06-16)  ii  POOH  (JVa  06-02-16619). 

Synchronization  of  Systems  with  Robust  Chaos  Based 
on  Coupled  Van-Der-Pol  Oscillators 

Jalnine  A. Yu. 

Saratov  Branch  of  the  Institute  of  Radio- Engineering  and  Electronics  of  RAS,  Russia 

The  flow  system  with  a  robust  chaotic  attractor  of  Smale-Williams  type  was  first  suggested  in  the  paper  by 
S.P.  Kuznetsov  (Phys.  Rev.  Lett.  95,  2005,  144101).  This  basis  system  consists  of  a  pair  of  coupled  Van-der- 
Pol  oscillators  with  own  frequencies  of  generation  differing  twice,  with  the  generation  parameters  undergoing 
slow  periodic  counterphase  variation  in  time,  and  with  a  special  type  of  connection  between  oscillators.  In  the 
present  work  a  synchronization  of  two  coupled  robust  chaotic  systems  of  the  described  type  is  investigated.  Due 
to  the  unidirectional  coupling,  the  chaotic  phase  of  the  "master"  system  is  transmitted  into  the  "slave"  system, 
such  that  the  phase  locking  occurs,  and  a  full  synchronization  of  the  chaotic  systems  appears.  The  analytical 
estimation  of  the  transversal  Lyapunov  exponent  shows  it  to  be  strictly  negative,  with  finite-time  variations 
which  do  nor  bring  the  exponent  out  from  the  negative  value  area.  Therefore,  this  synchronization  regime  is 
characterized  as  "strong".  Numerical  analysis  shows  it  to  be  stable  with  respect  to  the  parameter  mismatch  and 
to  the  perturbations  of  coupling  function. 
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O  BHOYPKAIIHHX  HHBAPHAHTHOrO  TOPA  B  KYCOHHO-rJlA^KHX 

AHHAMHHECKHX  CHCTEMAX 

>Kycy6ajmeB  >K.T.,  HeBfamejioB  C.KD. 

Kypcnuu  socydapcmeertHuu  mexHunecKuu  ynueepcumem,  Poccuh 

ripaKTi-raecKi-ie  npi-uiasceHira,  b  KOTopbix  npuxo/piTCH  npn6eraTb  k  paccMOTpemuo  fliKjxjrepeHijjiajibHbix  ypaB- 
HeHiiii  c  pa3pbiBHBiMii  npaBbiMii  HacTHMii  hjih  xycoHHO-rjia,n,xHx  .zpiHaMHHecxHx  chctcm,  Heo6biHaimo  miipoKii. 
9to,  HanpiiMep,  ciiCTeMbi  c  cyxiiM  TpemieM  h  Bii6poyflapHbie  ocpiijijiHTopbi,  pejieimbie  h  HMnyjibCHbie  CiiCTeMbi 
aBTOMaTiinecKoro  ynpaBjieHiisi,  mupoKHii  Kjiacc  ycTpoiicTB  coBpeMeHHoii  chjioboh  ajiexTpoHHKH. 

Oa30Bbie  TpaeKTopim  paccMaTpiiBaeMbix  /pmaMiiHecxiix  CiiCTeM  cimiBaiOTCH  H3  OT,n,ejibHbix  rjia^xiix  yuacT- 
kob.  Ycjio>KHeHiie  xojie6aHin“i  b  xycoHHO-rjia,n,xHx  cncTeMax  CBH3aHO  c  ,n,ByMsi  TiinaMii  6n<j)ypKanHH.  IlepBbiii 
thii  —  tohho  TaKoii  >xe,  xax  h  b  rjia,n,xHx  cncTeMax.  9to  Tax  Ha3biBaeMbie  jiOKanbHbie  h  rjio6ajiBHbie  6n4)ypxa- 

HHH. 

Btopoh  Tim  He  iiMeeT  aHajioroB  b  rjia/paix  cncTeMax  h  CBH3aH  c  CHTyapnefi,  xor,n,a  TpaexTopiiH  nepno- 
^imecxoro  ,a,BH>KeHiiH  npoxo,n,HT  uepe3  rpaHi-my  o^hoh  113  noBepxHOCTeii  cmuBaraa,  hto  Bbi3BiBaeT  Hapyrne- 
Hne  ycjiOBiiii  cymecTBOBam-iH  3Toro  flBHJxeHHH.  Taxue  fwcjyypKanHH  nojiyHiuni  HasBaHiie  C-biKjrypxaijjiH  hjih 
"border-collision  bifurcations" . 

IIpocTeiimeH  6 h <}) y p  xa  n  h  o  h  h o h  KapTime  npii  C-6iKj)ypxaij,HHx  cooTBeTCTByeT  HenpepbiBHbiii  nepexo,a,  perne- 
HiiH  o,n,Horo  Tima  b  pememie  b  /ipyroro  Tima.  Bo3MO>xHbi  h  6ojiee  cjioambie  CHTyapHH,  HanpiiMep,  y^Boemie, 
yTpoeHiie  nepno.ga  xojiebaHim,  cjihhhhc  ,n,Byx  pemeHHH  pa3JiiiHHbix  TimoB  h  nocjie^yiomee  hx  HCHe3HOBemie, 
poaygemie  xaoTiiuecKoro  aTTpaxTopa  H3  nepiio^Huecxoro  ^,Bii>xeHHH. 

IfeyHeHiiio  C-bHcjrypxapHH  h  HejiiiHeiiHbix  hbjichhh  b  xycouHO-rjia^xiix  cncTeMax  b  nocjie^,Hiie  ro^m  ya,ejiH- 
eTCH  npiiCTajiBHoe  BHiiMaHiie.  TeopeTiiHecxiie  uccjieflOBaHiiH  CTiiMyjiiipyiOTCH  noTeHpiiajibHbiMii  npHjiojxeHHHMH 
pe3yjiBTaTOB  bo  MHomx  o6jiacTax  nayxii  h  tcxhhxh.  Ohii  oxb aTBiB aiOT  npnjiojxeHHH  x  MexaHiixe,  Teopiiii  ynpaB- 
jieHiiH,  coBpeMeHHoii  chjioboh  ajiexTpoHiixe,  3  ko h o m  h  ' i ec  k h m  ii  bnojiorHuecxHM  cucTeMaM. 

B  ^aHHOii  paboTe  ii3yuaiOTCH  HOBbie  cjiyuan  cjioamoro  noBe^emiH  xycouHO-rjia^xiix  ciictcm  npii  C-6iicj3yp- 
xapiiax-poHc^eHiie  HHBapiiaHTHoro  ^.ByMepHoro  Topa  H3  nepiio^HHecxoii  opbiiTbi  h  coctohhhh  paBHOBeciia.  Mbi 
noxa3biBaeM,  hto  b  xycoHHO-rjia^xnx  cncTeMax  cyipecTByiOT  ,n,Ba  MexaHii3Ma  pox^eHiiH  ^ByMepHoro  HHBapii- 
aHTHoro  Topa  uepe3  C - 6 h (]:> y p  xa  n  h  io  . 

B  nepBOM  cjiynae  Top  B03HiixaeT  MHrxo  H3  nepno/piHecxoH  opbiiTbi.  B  Taxoii  6H<J)ypxaH,HH  xoMnjiexcHO- 
conpa>xeHHaH  napa  MyjibTHnjiiixaTopoB  cxauxoM  bbixo^ht  ii3  e/piHHHHoro  xpyra,  hto  cooTBeTCTByeT  xaTacTpo- 
<}:)H'iecKOH  noTepe  ycTOiiHiiBOCTii.  IIoTepH  ycTOiiHiiBOCTii  conpoBoaygaeTCJi  noHBjieHiieM  pe30HaHCHoro  hjih  ap- 
ro^iiuecxoro  Topa.  Bo  btopom  cjiynae  HHBapiiaHTHbiH  Top  pojx^aeTca  H3  ycTOimiiBoro  coctohhiih  paBHOBecna. 
3^ecb  cocTOHHiie  paBHOBecmi  ncnesaeT  na  C - 6 h <}) y p xa u h o h h o ii  rpaHiiqe  h  MHrxo  cmchhctch  neycTOiiHiiBbiM 
pnxjiOM  Tima  cjroxyc,  oxpyjxeHHbiM  pe30HaHCHbiM  hjih  apro/pmecxiiM  TopoM.  B  o6ohx  cjiyuaax  xapaxTepHbiii 
pa3Mep  HHBapiiaHTHoro  Topa  ("^,iiaMeTp")  npii  y^ajieHiiii  ot  tohxii  6H<J)ypxan,HH  ii3MeHHeTCH  npii6jiH3HTejiBHO 
jiHHeHHO  ot  nyjiH  b  OTjiHHHe  ot  napa6ojiiiHecxoii  3aBHCHMOCTH,  xapaxTepHoii  ^jih  xjiaccHHecxofi  biicjrypxapiiH 
HeiiMapxa-Caxxepa. 

Pa6oTa  BbinojiHeHa  npii  no^fl,ep>xxe  POOH  (rpaHT  X2  06-01-00811-a) 


On  Torus  Birth  Bifurcations  in  Piece-Wise  Smooth  Dynamical  Systems 

Zhusubaliyev  Zh.T.  and  Chevychelov  S.Yu. 

Kursk  State  Technical  University,  Russia 

Considering  a  two-dimensional  system  of  nonautonomous  differential  equations  with  discontinuous  right-hand, 
the  paper  describes  a  new  type  of  border-collision  bifurcation  that  can  lead  to  appearance  of  quasi-periodicity. 

We  demonstrate  how  a  two-dimensional  torus  can  arise  from  a  periodic  orbit  and  a  stable  equilibrium  point 
through  a  border-collision  bifurcation.  Under  variation  of  the  parameters,  the  periodic  orbit  or  equilibrium  may 
collide  with  a  discontinuity  boundary  between  two  smooth  regions  in  the  phase  space.  When  this  happens,  one 
can  observe  a  variety  of  different  bifurcation  scenarios.  One  scenario  is  the  continuous  transformation  of  the 
stable  equilibrium  into  an  unstable  period- 1  focus,  and  the  associated  formation  of  a  two-dimensional  (ergodic 
or  resonant)  torus.  The  second  option  is  that  two  complex-conjugate  multipliers  jump  abruptly  from  the  inside 
to  the  outside  of  the  unit  circle.  This  bifurcation  result  in  the  birth  of  a  two-dimensional  torus.  In  both  cases 
the  "diameter"  of  the  torus  develops  approximately  linearly  with  distance  to  the  bifurcation  point  as  opposed 
to  the  characteristic  parabolic  form  of  the  well-known  Neimark-Sacker  bifurcation. 
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CHAOS  THEORY 


PEAJIH3AD;HH  OEHOMEHOB  KOMIIJIEKCHOn  AHAJIMTHHECKOH 
flHHAMHKH  B  CBM3AHHbIX  KOJIEEATEJIbHbIX  CHCTEMAX 

Hcaena  O.B. 

CapamoecKuu  (fiuAuaA  HHcmumyma  paduomoxHUKU  u  3AenmpoHUKU  PAH,  Poccua 

IfeBecmaH  ym-iBepcajibHOCTb  <FeiireH6ayMa  CBjraaHa  c  nocjie,n,OBaTejibHOCTbio  ftucjjypKanHH  yuBoeHira  nepiio.n.a 
h  nepexo,n,OM  k  xaocy  pjisi  ceMeiicTBa  o,n,HOMepHbix  OTo6pa»ceHHH  c  KBa/ipaTHHHbiM  SKCTpeMyMOM.  IIpii  nepexo- 
,n,e  k  KOMnjieKCHbiM  uncjiaM  b  orro6pa>KeHHH,  HapH,n,y  c  y^BoemisiMH  nepno,n,a  MoryT  B03Hi-iKaTb  HOBbie  oco6bie 
Tiinbi  6ii(])ypKanHH  -  yTpoemiH,  yueTBepeHiui  h  t.,h,.  Ha  euiockocti-i  KOMiuieKCHoro  napaMeTpa  npii  stom  bo3hii- 
KaiOT  o6jiacTH,  b  kotophx  peajiii3yeTCH  nepno/piuecKaji  flHHaMHKa  co  BceB03MO>KHbiMH  u,HKjiaMH,  OKpyjKeHHbie 
cjio>KHbiM  y3opoM  fljia  KOToporo  xapaKTepHa  orpaHiiueHHaH  b  (J>a30BOM  npocTpaHCTBe  xaoTiiuecKaji  /pmaMiiKa. 
CoBOKynHOCTb  sthx  o6jiacTeii  o6pa3yeT  nonyjuipHbiH  cjjpaKTajibHbiii  o6T>eKT  —  MHoncecTBO  MaH,n,ejib6poTa.  C 
hum  CBH3aH  pejibiii  psm  ymiKajibHbix  (J>eHOMeHOB,  xapaKTepHbix  jinuib  pjisl  onpe^ejieHHoro  Kjiacca  ciiCTeM  — 
rjik  KOMnjieKCHbix  aHajiHTH'iecKHx  OTo6pa»ceHiii“i,  yn,OBjieTBop5Hom,Hx  ycjiOBHHM  Komii-PiiMaHa. 

B  pa6oTe  irayueH  Bonpoc  o  bo3mo>khoctii  (J>n3HHecKOH  peajiH3an,HH  (JjopMajibHbix,  a6cTpaKTHbix  MaTeMa- 
TH'iecKHx  cjDeHOMeHOB  KOMnjieKCHoii  aHajiHTHuecKoft  ^hhemhkh.  Pa3pa6oTaHa  MeTO^iiKa  KOHCTpyiipoBaHiiH  cjui- 
3 n ' i ec k h x  ciiCTeM  (h  SKcnepiiMeHTajibHbix  ycTpoiicTB),  no3BOJiHioiii,iix  peajiii30BbiBaTb  yKa3aHHbie  HeTpiiBiiajib- 
Hbie  HBjiemiH.  MeTO^iiKa  ocHOBaHa  na  paccMOTpeHini  cnepiiajibHbiM  o6pa30M  CHMMeTpnuHO  CBH3aHHbix  chctcm 
(oTo6pa»ceHiiH,  ocu,njijuiTopoB  c  nepiio/piuecKHM  BHeniHiiM  B03,n,ei1CTBi-ieM,  aBTOHOMHbix  noTOKOBbix  CiiCTeM). 

KpoMe  Toro,  nocTpoeHa  KOjie6aTejibHaa  cucTeMa,  MO^ejinpyromaa  ^HHaMHKy  KBa^paTiiHHoro  KOMiuieKCHoro 
OTo6pa»ceHiiH  b  ce'ieHHH  nyaHKape,  ochobhoh  MexamraM  flHHaMHKH  KOTopoii  coctohji  b  3CTa(J>eTHOH  nepe^aue 
uepe3  cnepiiajibHyro  CBH3b  B036yjKyi,eHiiH  Mexygy  KOJie6aTejibHbiMi-i  no^CHCTeMaMH  c  p as j i  h  ' i a ro m,H  m  h c h  b  ,a,Ba 
pa3a  co6cTBeHHbiMii  uacTOTaMii  h  Me^jieHHbiM  npoTiiBOcjDasHbiM  ii3MeHemieM  napaMeTpoB  ^Hccimapiiii.  flp*1- 
CTBiiTejibHoii  h  MHHMofi  HacTHM  nepeMeHHoii  KBa^paTiiHHoro  OTo6pa»ceHii5i  npii  stom  OTBeuajm  KOop/pmaTa  h 
CKopocTb  ophoh  H3  nopciiCTeM. 

PaccMOTpeH  Ba>KHbii"i  c  to'ikh  3peHiisi  bo3mo>khoh  (jmaH'iecKOH  peajiH3an,HH  Bonpoc  o  bjihhhhh  HeaHajm- 
TH'iecKHx  B03MymeHi-ii“i  h  pasjiiiHHbix  TiinoB  myMa  Ha  upim-mecKne  HBjiemiH,  xapaKTepHbie  pyra  KOMnjieKCHbix 
aHajiiiTHHecKHx  OTo6pa»ceHHH.  H3yueHbi  yHHBepcajibHbie  CKeftjiHHroBbie  xapaKTepncrrnKH,  CBjraaHHbie  co  cu,e- 
HapriHMri  nepexopa  k  xaocy  b  KOMnjieKCHbix  OTo6pa»ceHH5ix. 

PaboTa  noAHepncaHa  rpaHTaMii  POOH  (06-02-16619,  04-02-04011)  h  INTAS  (05-109-5262) 

Realization  of  the  Phenomena  of  Complex  Analytic 
Dynamics  in  Coupled  Oscillatory  Systems 
Isaeva  O.B. 

Institute  of  radio- engineering  and  electronics  of  RAS,  Saratov,  Russia 

The  problem  of  possibility  of  physical  realization  of  formal  mathematical  phenomena  of  complex  analytic 
dynamics  (such  as  fractal  Mandelbrot  and  Julia  sets)  is  investigated.  Two  methodologies  of  building  up  of 
physical  systems  (and  experimental  devices),  manifesting  such  non-trivial  phenomena  are  developed.  First 
algorithm  is  based  on  the  consideration  of  pair  systems  (discrete  maps,  oscillators  with  periodic  external  force  or 
autonomous  systems)  from  Feigenbaum  class  of  criticality  with  special  symmetric  coupling.  Another  one  imply 
coupled  oscillatory  systems  with  alternating  excitation  and  relay  transition  of  signal. 
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METOA  PEKYPPEHTHblX  ^HArPAMM  B  AHAJIH3E 
rEJinOrEO®H3nHECKHX  BPEMEHHbIX  PHAOB 

KHcejieB  B.B. 

CaHKm-nemepSypzcKuu  socydapcmeennuu  ynueepcumem  UHifiopMayuoHHUx  mexHOJiozuu, 

MexanuKU  u  onmunu,  Poccuh 

B  1987  ro^y  9xMaH  h  coaBTopni  [Eckmann  J.-P.,  Kamphorst  S.O.,  Ruelle  D.  Recurrence  Plots  of  Dynamical 
Systems  //  Europhysics  Letters  5,  1987,  pp.  973-977]  npe,n,jio>KiijiH  cnoco6  OTo6pa»ceHii5i  m-MepHoii  (f>a30Boii 
TpaeKTopnii  coctohhiih  x(t)  na  ,n,ByMepHyio  KBa,npaTHyio  ^,BOiiHHyio  MaTpnpy  pa3MepoM  TV  x  TV,  b  KOTopoii  1 
(uepHaa  TOHxa)  cooTBeTCTByeT  noBTopemuo  coctohhiih  npii  HeKOTopoM  BpeMemi  i  b  HeKOTopoe  .npyroe  BpeMH 
j,  a  o6e  KOop,n,iiHaTHBie  ocn  hbjihiotch  ochmii  BpeMemi.  TaKoe  npe^CTaBnemie  6bijio  na3BaHO  peKyppeHTHOii 
/piarpaMMOH  (recurrence  plot,  RP),  TaK  kslk  oho  cjniKCiipyeT  hhcJ}  op  Manure  o  pexyppeHTHOM  noBe^eHim  chctcmbi. 

MaTeMaTiiuecKii  BBimecKasaHHoe  omiCBiBaeTCH  kslk 

R =  ©(e*  ^  pi  ^  Xj\\),  x  G  Rm,  i,j  =  l...N, 

rpp  TV  —  KOJiimecTBO  paccMaTpi-raaeMBix  coctohhiih  a;,;,  c,  —  pa3Mep  OKpecTHOCTii  tohki-i  x  b  momcht  i,  ||  •  | 
paccTOHHiie  h  ©(•)  —  cjryHKpHH  X3BHcai"ma. 

BHemHiiii  Bim  peKyppeHTHOii  ^narpaMMBi  no3BOJiaeT  cyzpiTB  o  xapaKTepe  npoTexaiomiix  b  ciiCTeMe  npoqec- 
COB,  HajIHHIIH  H  BJIHHHHH  myMa,  HajIIIHHH  COCTOHHIIH  nOBTOpeHIIH  H  3aMIipaHIIH  (jiaMIIIiapHOCTIl) ,  coBepmeHHH 
B  XO^e  9BOJIIOn,HH  CIICTeMBI  pe3KIIX  H3MeHeHHH  COCTOHHIIH  (aKCTpeMajIBHBIX  coSw'fhh). 

Hccjie^OBajiacB  CTpyKTypa  reoMarmiTHBix  nyjiBcapiiii  Tima  Pci,  KOTopbie  npe^CTaBjimoT  co6oi"i  KBasiicii- 
HycormajiBHBie  chjibho  MO^,yjiiipoBaHHBie  KOjie6ami5i  b  ^Hana30He  nopa^xa  o^Horo  reppa.  IIocTpoeHBi  pexyp- 
peHTHBie  piiarpaMMBi  (recurrence  plot)  pjra  caMiix  nyjibcapiiH  Pci,  orn6aiomeii  h  cjriijiBTpoBaHHBix  KOJieSaHHfi. 
nojiyueHHBie  pnarpaMMBi  cpaBHHBajiiiCB  c  n  h  a  r p a m m a m h  pjia  npocTeiimiix  curHajiOB  (cimycoripa,  KOM6imaii,HH 
cimycoi-m)  h  cjiojkhbix  (o6o6ru,eHHoe  6poyHOBCKoe  pBHJKeiine,  MHoacecTBO  MaHpejm6poTa,  cucTeMa  JIopeHpa). 
OKasajiocb,  hto  npii  yBejimiemin  npocTpaHCTBa  BjiOHcemiH  (m)  CTpyKTypa  pexyppeHTHBix  piiarpaMM  pa3pyma- 
eTCH  pjm  ciiHycoiipajiBHBix  curHajiOB  h  pjm  Hecyipeii  nyjiBcapnii  Pci.  B  Toace  BpeMH  CTpyKTypa  pexyppeHTHBix 
piiarpaMM  pjia  oraibaromeii  nyjiBcapnii  Pci  n  cjiohchbix  curHajiOB  (o6o6m,eHHoe  6poyHOBCKoe  pBi-incem-ie,  mho- 
axecTBO  MaHpejib6poTa,  cucTeMa  JIopeHpa)  coxpaHueTcn . 

TaxiiM  o6pa30M,  mohcho  cxasaTB,  hto: 

1.  reoMarHHTHBie  nyjiBcapim  Tima  Pci  npepcTaBjmeT  co6oi"i  KOJie6amiH,  rpe  opHOMepHBiii  KBaaiicimycoH- 
pajiBHBiii  ciirHaji  MopyjnipoBaHHBiii  xaoTiiHecKHM  cJrpaKTajiBHBiM  npopeccoM; 

2.  PexyppeHTHBie  pnarpaMMBi  mojkho  iicnojiB30BaTB  pjra  obHapyacemisi  cjrpaKTajiBHBix  TpeHpoycToiiHHBBix 
npopeccoB. 


Using  of  the  Recurrence  Plots  for  Heliogeophysical  Time  Series  Analysis 

Kiselev  V.B. 

Saint  Petersburg  University  of  Information  Technologies,  Mechanics  and  Optics,  Russia 

With  recurrence  plots  [Eckmann  J.-P.,  Kamphorst  S.  O.,  Ruelle  D.  Recurrence  Plots  of  Dynamical  Systems  // 
Europhysics  Letters  5,  1987,  pp.  973-977]  we  can  investigate  the  m-dimensional  phase  space  trajectory  through 
two-dimensional  representation  of  its  recurrences.  Such  recurrence  of  a  state  at  time  i  at  a  different  time  j  is 
pictured  within  a  two-dimensional  squared  binary  matrix  with  black  and  white  dots,  where  black  dots  mark  a 
recurrence,  and  both  axes  are  time  axes.  This  can  be  mathematically  expressed  as 

=  0(e*  -  p»  -  Zjll),  fGRm,  i,j  =  l...N, 

where  TV  is  the  number  of  considered  states  x j,  is  a  threshold  distance,  ||  •  j|  is  a  norm  and  ©(•)  —  the  Heaviside 
function. 

The  view  of  recurrence  plot  provide  a  possibility  to  talk  about  properties  of  processes  in  investigated  system, 
to  find  out  presence  and  influence  of  noise,  to  find  out  recurrent  states  in  time  series,  to  find  out  extreme  events 
and  state  changes  in  system’s  evolution. 

The  structure  of  Pci  geomagnetic  pulsations  were  investigated.  The  Pci  pulsations  is  a  quasisinusoidal 
highly  modulated  oscillations  in  the  range  about  1  hertz.  Recurrence  plots  of  the  Pci  pulsations,  envelope  and 
filtered  oscillations  were  built. 

RP  structure  of  the  Pci  pulsations  envelope  with  increasing  of  embedding  dimension  m  remains  as  for 
complicated  chaotic  time  series  such  as  Lorentz  attractor.  But  RP  structure  of  the  Pci  pulsations  carrier 
destructs  as  for  sinusoidal  signal. 
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Conclusions: 

1.  Pci  geomagnetic  pulsations  is  a  quasisinusoidal  oscillations  modulated  with  fractal  chaotic  process; 

2.  PR  can  be  used  for  detecting  of  fractal  processes  with  steady  trends. 


KPHTEPHH  YCTOHHHBOCTH  «B  BOJlbLQOM»  3JIEKTPHHECKHX 

MAIHHH  nEPEMEHHOrO  TOKA 

KoH^paTbesa  H.B.,  JleoHOB  T.A. 

CaHKm-nemep6yp2CKUu  eocydapcmeennuu  ynueepcumem,  Poccuh 


B  HacTOHipeM  AOKjia^e  uccjie^yeTCH  MaTeMaTHuecKaa  npo6jieMa  / ; h h a m  h ' i ec ko h  ycTOHHHBOCTH  (ycTOHHHBOCTH 
«b  6ojmmoM»)  cimxpoHHbix  h  aciiHxpoHHbix  ojieKTpuuecKHx  MaitiHH  h  TecHO  CBH3aHHaa  c  3toi"i  npo6jieMOi"i 
3a^3,aua  o  npe^ejiBHoii  Harpy3Ke. 

B  xauecTBe  Haiibojiee  npocToro  a^eKBaTHoro  omicaHiiH  flHHaMiKH  aciiHxpoHHoii  Mauii-mbi  paccMaTpiiBaeTcn 
ciiCTeMa 

s  =  ay  +  7, 

y  =  ~cy  -  s-xs,  (1) 

x  =  —cx  +  ys. 

3^ecb  6e3pa3MepHbie  nepeMeHHbie  s  —  CKOJibJKBHiie  poTopa,  y,x  —  KBa3i-iTOKii  b  o6MOTKax;  6e3pa3MepHbie 
napaMeTpbi  c  —  conpoTi-iBjieHi-ie  o6motok,  7  —  MOMem  BHemneii  Harpy3Kii  Ha  Bajiy  poTopa. 
npe7,nojio>KHM,  hto  7  <  2c2  h  BBe^eM  o6o3HaueHiia 


(fi(s)  =  — -s2  +  as  —  ay,  T  =  2  max  A(  c  —  A - ^ - -r 

c  Ae(o,c)  L  V  4c2 (c  —  A) 


1/2 


Ecjih  7  <  a/2,  (jjyHKUHH  ifi(s)  HMeeT  Hyjm:  sq  £  (0,c)  h  si  >  c.  H3  HepaBeHCTBa  7  <  2c2  cjie,n,yeT,  hto 

r  >  0. 

TeopeMa.  IlycTb  t,jih  peineHira  ypaBHemiH  0  +  T0  +  y>{9)  =  0  c  HauajibHbiMii  7,aHHbiMH  0(0)  =  0(0)  =  0 
BbinojiHeHO  ycjiOBiie  9{i)  <  Si,Vf  >  0.  Toiyja  pememie  ciiCTeMbi  (1)  c  HauajibHbiMH  ,n,aHHbiMH  s(0)  =  y{ 0)  = 
a:(0)  =  0  y7,OBjieTBopneT  cooTHomeHHHM  lim  s(f)  =  s0,  lim  y(t)  =  —  -,  lim  x(t)  =  —CM  _ 

t—*+  OO  t— >  +  00  a  t->--\-oo  ac 

B  pe3yjibTaTe  nojiyueHa  opeHKa 

/3 

M  <  -^-Mmax 

7,jih  7,onycTHMoro  pe3KonepeMeiiHoro  Habpoca  Harpy3Kii  M  Ha  aciiHxpoHHbiii  ^BiiraTejib,  paboTarorpiiH  na  xo- 
jioctom  xo7,y.  3,n,ecb  Mmax  -  MaKCHMajibHaa  Harpy3Ka,  npn  KOTopoii  ^Bi-iraTejib  HMeeT  pa6oHiie  penaiMbi. 

B  7,OKjia7,e  npiiB07,HTCH  Taunce  pememie  3a,n,aHH  o  npe^ejibHoti  Harpy3Ke  t,jih  ciihxpohhoh  MamiiHbi. 


Global  Stability  of  Electromechanical  Systems 

Kondratieva  N.N.,  Leonov  G.A. 

Saint  Petersburg  State  University,  Russia 

The  dynamical  stability  analysis  of  synchronous  and  asynchronous  machines  is  presented.  The  estimations  of 
discontinuous  load  ratings  are  obtained. 


METOJJbl  A.M.  Jinny  HOB  A  B  XAOTMUECKOM /fMHAMMKE 
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BH3yAJTH3AD;H5I  CJICDKHOH  CTPYKTYPhl  IIPOCTPAHCTBA 
nAPAMETPOB  HEABTOHOMHbIX  AHHAMHHECKHX  CHCTEM 
npn  noMomn  kapt  JimyHOBCKHX  noKA3ATEJiEn 

Ky3Heu,oB  A. II.,  Camm  A.B. 

CapamoecKuu  eocydapcmeennuu  yuueepcumem,  Poccua 
CapamoecKuu  cfiuAuaA  Hucmumyma  paduomexnuKU  u  oAeKmpouuKU  PAH,  Poccua 

ripii  aHajiii3e  noBeyyeHiin  yyiiHaMiinecxon  cncTeMbi,  oco6eHHO  npn  nepexoyye  k  xaocy,  6ojibmyK>  pojit  iirpaeT 
i'iccjie,n,OBaHiie  6 h (}:> y  p xa  n  h  o  h  h  o  h  CTpyxTypni  ee  npocTpaHCTBa,  no3BOJunoin,ee  bbi3biitb  THiiHHHbie  xoHcjriirypa- 
Hhh  6i-i4)ypKau,i-iOHHbix  jihhhh,  a  Tax>xe  npo,a,eMOHCTpiipoBaTb  HarjumHbie  iijunocTpaiiyiH  CBoiicTBa  caMonoyyobnsi 
(cxenjiimra)  b6jih3ii  xpHTHnecxoft  tohkh.  Ilpii  Haniim-iii  HenepnoyiyiHecxoro  (HanpiiMep,  myMOBoro  hjih  nepap- 
xH'iecKH  opraHH30BaHHoro)  BOsyyencTBiiH  Ha  cncTeMy  npeyycTaBjnieTCJi  n,ejiecoo6pa3HbiM  npiiMeHsiTb  yyra  stoii 
n,ejni  MeTO,a,  nocTpoeHHH  xapT  jurnyHOBCxiix  noxa3aTejieii  [1,2].  B  cooTBeTCTBim  c  sthm  MeToyyoM  b  xancyyon 
TOHKe  npocTpaHCTBa  napaMeTpoB  BbiHiicjineTCJi  BejiiiHima  CTapmero  jumyHOBCKoro  noxa3aTejra,  xoTopan  3aTeM 
xoyyiipyeTCH  OTTeHKOM  ceporo  n,BeTa.  06biHHO  cooTBeTCTBiie  BbibiipaeTcn  Tax,  hto  6ojibmeMy  (no  a6cojnoTHoii 
BejiHHiiHe)  OTpupaTejibHOMy  3HaneHiiio  cooTBeTCTByeT  6ojiee  TeMHbiii  ottchok  ceporo  npeTa.  9tot  MeToyi,  npn- 
BoypiT  k  BecbMa  scJxJiexTHbiM  Hj[j[K)crrpanHHM,  KOTopbie  MoryT  coyyepncaTb  oneHb  TOHxiie  yyeTajni  bo  Bee  6ojiee 
Majibix  MacniTa6ax  xapTbi. 

B  HacToameii  pa6oTe  MeToyi,  nocTpoemia  xapT  jianyHOBCKiix  noKa3aTejieii  npiiMeHaeTca  k  aHajiii3y  ycTpoii- 
CTBa  npocTpaHCTBa  napaMeTpoB  /pmaMH'iecKHx  cncTeM  yi,Byx  TnnoB.  Bo-nepBbix,  sto  cncTeMbi  c  y^BoemiaMn 
nepHoyya,  Haxoypnn,Hec5i  noyi,  BOsyyencTBiieM  CBoero  poyya  cjrpaxTajibHoro  cnraaiia  [3],  o6jiayi,aioni,ero  nepapxn- 
necKon  CTpyKTypon  n  npn  Ha^aeacaipeM  Bbi6ope  napaMeTpoB  annpoxcHMnpyioni,eM  xpnTnnecxne  aTTpaxTopw 
pa3JiiiHHbix  TnnoB  [2],  B  xanecTBe  o^hoh  h3  Taxnx  cncTeM  paccMOTpeHO  jiorncTnnecKoe  OToSpaacenne: 

xn+i  =  A  -  x\  +  eyn,  y2n+  i  =  -a(l  +  yn),  yin.  =  PA  +  yn),y o  =  P/A  -  P),  (1) 

ryye  a  n  P  —  napaMeTpbi  cjrpaxTajibHoro  cnraaiia,  KOTopoMy  OTBenaeT  yysroxemie  H3o6pa:>xaioni,eH  tohki-i  no 
^i,ByxMacniTa6HOMy  xaHTopoBy  MHoacecTBy.  AHanH3  CTpyKTypbi  xapT  jinnyHOBCxiix  noxasaTejieii  Ha  njiocKOCTi-i 
napaMeTpoB  (A,  e)  n  (A,  a)  no3BOJiaeT  npoyyeMOHCTpnpoBaTb  pay;  HHTepecHbix  HBjieHiin,  b  nacTHOCTii,  34xf>exT 
noTepn  rjiayyxocTii  rpaHinybi  xaoca  npn  yBejinnemiH  MacniTa6Hbix  napaMeTpoB  cnraajia. 

/fpyroii  cncTeMon  aBjiaiOTca  yi,Ba  HeimeHTiiHHbix  jiorncTnnecKnx  OTo6pa»ceHHa  c  HecnMMeTpnnHOH  CBa3bio, 
Haxoyyami-ieca  noyi,  inyMOBbiM  BOsyyencTBiieM.  B  Taxon  cncTeMe  peajni3yeTca  oco6oe  xpiiTnnecxoe  noBeyyeHiie,  xa- 
paxTepii3yiomeeca  cocymecTBOBamieM  yi,Byx  cue  Hap  nee  nepexoyya  x  xaocy:  nepe3  4)enreH6ayMOBCxne  y^Boemia 
nepno^a  n  nepe3  paspymenne  xBa3nnepnoyi,HnecxHx  /3bh>x6hhh  [4] .  ITpn  B03yi,eHCTBHH  Ha  cncTeMy  BHenmero  rny- 
Ma  yyin  Ha6jnoyi,eHHn  caMonoyyobHoii  CTpyxTypm  npocTpaHCTBa  napaMeTpoB  b  oxpecTHOCTii  xpiiTiinecxon  tohxii 
Heo6xoyi,HMO,  xax  6bijio  noxa3aHO  b  [5],  npn  nepexoyye  x  xa»cyi,OMy  cjieyiyiomeMy  ypoBHio  cxenjiirara  yMeHbinaTb 
aMnjiHTya,y  rnyMa  b  7  =  8.206143...  pas.  B  HacToam,en  pa6oTe  npiiBeyyeHbi  cooTBeTCTByiomne  njunocTpaiynn 
cxeiuniHra  b  npocTpaHCTBe  napaMeTpoB  Taxoii  cncTeMbi  b  oxpecTHOCTii  xpnTHnecxoft  tohxii. 

Pa6oTa  noymepacaHa  rpaHTOM  POOH  AT2  06-02-16773. 
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The  Visualization  of  Complex  Structures  in  the  Parameter  Plane  of 
Driven  Dynamical  Systems  by  the  Charts  of  Lyapunov  Exponents 

Kuznetsov  A.P.,  Savin  A.V. 

Saratov  State  University,  Russia 

Institute  of  Radio- Engineering  and  Electronics  of  RAS,  Saratov  Branch,  Russia 

The  method  of  charts  of  Lyapunov  exponents  is  used  to  carry  out  the  two-parameter  analysis  of  single  and 
coupled  discrete  maps  with  period-doubling  driven  by  nonperiodical  signals.  The  structure  of  the  parameter 
plane  of  such  systems  is  investigated  and  the  self-similarity  (scaling)  near  the  "critical  point"  is  demonstrated. 
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METOA  KAPT  JianyHOBCKHX  IIOKA3ATEJTEH  B  HCCJIE^OBAHHH 
CB5I3AHHbIX  OTOEPA>KEHnH  C  IHYMOM 

Ky3Heu,oB  A. II.,  Ce,a,oBa  KD.B. 

CapamoecKuu  eocydapcmeennuu  yuueepcumem  um.  H.P.  HepuumeecKozo,  Poccua 
CapamoecKuu  <puAuaA  I4P9  PAH,  Poccua 

CBH3aHHbie  ciiCTeMbi  c  y^Boem-iHMi-i  nepiio,n,a  hbjijootch  o,h,hhm  h3  nonyjrapHBix  h  rjiy6oKO  H3yneHHBix  o6T>eKTOB 
HejiHHefiHofi  flKHaMHKi  [1,  2].  Onpe,n,ejieHHBiM  HanpaBjieHiieM  nccjie,n,OBaHiiii  Tam-ix  ciiCTeM  hbjmbtch  nayueHne 
KpnTHHecKHx  HBjieHi-iH  b  ii.n.eHTiiHHBix  no,n,CHCTeMax  y  nopora  xaoca,  T.e.  HBjieHiiii,  ,n,onycKaioiii,iix  peHopMrpyn- 
noBoe  omicamie  no  aHajiornn  c  H3BecTHBiM  aHajni30M  OeiireH6ayMa.  B  pa6oTe  c  noMom,Bio  nocTpoemra  xapT 
jnmyHOBCKHx  noKa3aTejien  HCCJie,nyeTCH  KpiiTrinecKan  /(HHaMHKa  CBH3aHHBix  jioracTHuecKHx  OTo6pa»ceHHH  c 
,n,ByMH  TiinaMii  cbh3ii  -  / 1  h  cc  h  1 1  arr  h  b  h  bi m  ii  iiHeppiiOHHBiM.  A113  nocTpoemm  xapTBi  jnmyHOBCKiix  noKasaTejieii 
b  Ka>K,n,OH  Tonxe  npocTpaHCTBa  napaMeTpoB  BBiniicjiaeTCH  3HaneHiie  jnmyHOBCKoro  noxasaTejiH  A  h  KO/pipyeTca 
b  cooTBeTCTBini  c  9thm  b  rpa,n,aitHHx  ceporo. 

BancHeiiniHM  bbibo,h,om  Teopini,  ocHOBaHHon  Ha  peHopMrpynnoBOM  aHajni3e,  HBjineTCH  npe^CTaBjiemie  o  CKeii- 
jniHre,  T.e.  o  caMono,n,o6HOM  ycTpoiicTBe  npocTpaHCTBa  napaMeTpoB.  Otmcthm,  o^HaKO,  hto  nepBBie  padoTBi  b 
3tom  HanpaBjieHHH  6bijih  BBinojmeHBi  b  cepe^i-me  80-x  to^ob,  h  i-uunocTpapiin  CKenjiimra  6bijih  ,gaHBi  Bcero 
.zyin  HecKOJiBKiix  6iicj3ypKan,HOHHBix  Tonex  h  necKOJiBKiix  «ypoBHen»  ygBoeHHii.  B  HacTOJnn,ee  BpeMH  paaBirnie 
KOMnwoTepHon  TexHiiKii  no3BOJineT  ^aTB  6ojiee  «BecoMBie»  njuirocTpapni-i  CKeftjinHra,  KOTopnie  npe^CTaBjieHBi  b 
HacTOHm,eii  pa6oTe.  KpoMe  Toro,  b  Hanajie  80-x  to^ob  6biji  BBinojmeH  pn,n,  nccjie^OBaHiiii  c  npi-iMeHem-ieM  MeTO- 
^a  peHopMrpynnBi  no  B03^,encTBnio  myMa  na  KjiaccnnecKyio  o^imonHyio  cncTeMy  c  yn,BoeHHHMn  nepno^a  (cm., 
Hanpi-iMep,  [3,  4]).  Hto  KacaeTcn  CBH3aHHBix  cncTeM  c  myMOM,  to  no^o6Hoe  nccjie^OBaHne  b  HacTonmee  Bpe- 
mh  H3BecTHO  Asm  CBoero  po^a  ajiBTepHaTiiBHon  CHTyan,nn  o^HOCTopormen  cbh3h  cymecTBenno  neimeHTHHHBix 
no^cncTeM.  IIosTOMy  npe^CTaBjineTcn  BanomiM  o6cyn,HTB  cooTBeTCTByromne  Bonpocni  p,jisi  cjiynan  imeHTimHBix 
CBH3aHHBix  no^cncTeM  co  B3anMHoii  cbh3bio.  HaM  KanceTcn  nojie3HBiM  b  stom  njiaHe  BOcnpoii3BecTii  TaKnce 
npocTenmnii  BapnaHT  Pr  aHajin3a  b  o,h,hhohhoh  cncTeMe  c  myMOM,  nocKOJiBKy  iiMenno  ero  «TexHOJioriiii»  ii 
conocTaBjienne  c  Pr  aHajin30M  imeHTimHBix  CBH3aHHBix  chctcm  ^ejiaeT  hohhthbim  cbohctbo  CKenjiimra  b  cbh- 
3aHHBix  cncTeMax  c  myMOM.  IIocjie^Hee  6yn,eT  npoBepeHO  b  nncjieHHBix  3KcnepiiMeHTax  b  pa3JinnHBix  ceneHiinx 
npocTpaHCTBa  napaMeTpoB  ^jih  pa3HBix  TimoB  cbh3h  Menyny  no^cncTeMaMn. 

Pa6oTa  BBinojmeHa  npn  no^mepntKe  POOH-HHHO  (rpaHT  N2  04-02-04011),  OoH^a  co^encTBiiH  OTenecTBeH- 
hoh  HayKe,  aHajiHTimecKOH  Be^OMCTBeiiHon  nporpaMMBi  MnHo6pHayKn  PO  ii  CRDF  «Pa3BHTne  nayuHoro  no- 
Temp-iana  BBicmeii  niKOJiBi»  (CRDF  BRHE  REC-006  SR-006-X1/BF5M06  Y3-P-06-07)  ii  rpama  IIpesimeHTa 
PO  (MK-4162.2006.2). 
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Method  of  Lyapunov  Exponent  Charts  at  Investigation 
of  Coupled  Maps  with  Noise 
Kuznetsov  A.P.,  Sedova  J.V. 

Chernyshevsky  Saratov  State  University,  Russia 
Kotel’nikov  Institute  of  Radio- Engineering  and  Electronics  of  RAS,  Saratov  Branch,  Russia 


In  paper  the  influence  of  noise  in  system  of  identical  coupled  logistic  maps  with  two  types  of  coupling  -  dissipative 
and  inertial  -  is  discussed.  The  corresponding  renormalization  group  analysis  is  presented.  We  consider  scaling 
property  in  the  presence  of  noise  and  give  necessary  illustrations  in  style  of  numerical  experiment. 
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CHCTEMbI  CHHXPOHH3AU;HH  b  cxemotexhhke 

Ky3Heu,oB  H.B.,  JleoHOB  T.A.,  Cejie,n,:>KH  C.M. 

Ca,HKm-nemep6ypecKuu  socydapcmeennuu  ynueepcumem,  Poccuh 

CiiCTeMbi  (J)a30B0i“i  aBTono,n,CTpoHXH  (OAIIH)  miipoxo  pacnpocTpaHeHBi  b  pa/y-iOTexHiixe  h  9jiexTpocBH3ii.  ITocjie 
hx  H3o6peTeHiiH  b  30-40-x  ro^ax  ^.Ba^paToro  Bexa  CTajia  iiHTeHCiiBHO  pasBiiBaTBCH  xax  npaxTiixa  npi-iMeHeHini, 
Tax  h  Teopiia  ciiCTeM  <5  All  [1,5,6]. 

OpHO  H3  nepBBix  npHMeHeHHfi  OAIIH  CBjraaHO  c  sapanaMi-i  nepepann  paHHBix  no  papnocnrHajiy.  B  papno- 
Texmixe  OAIIH  npiiMeHsiiOT  pjm  CHHxpoHH3an,HH  Hecym,eii,  BOCCTaHOBjieinie  curHajia,  peMopynnpiiii,  pejiemiH 
h  yMHOJxeHira  nacTOTBi.  IIpii  noHBjieHini  apxiiTexTyp  iicnojiB3yioiii,Hx  hhiim,  pa6oTaK>m,ne  Ha  pa3HBix  nacTOTax, 
CiiCTeMbi  OAIIH  CTajin  iicnojiB30BaTBC5i  pjia  reHepapnn  BHyTpeHHiix  nacTOT  hiiiiob,  reHepapnn  nacTOT  n  ci-mxpo- 
HH3an,HH  pa6oTBi  OTpejiBHBix  ycTponcTB  h  nniH  nepepann  paHHBix.  Tax,  Hanpi-iMep,  coBpeMeHHBie  MaTepimcxiie 
njiaTBi  xoMnniOTepoB  copepncaT  pa3jinnHBie  minni  h  ihiihbi  nepepann  paHHBix,  pa6oTaK>in,i-ie  Ha  pa3HBix  uacTO- 
Tax  h  nacTO  Tpe6yK>m,iie  CHHxpoHH3au,HH.  B  pajiBHeiimeM,  CiiCTeMbi  OAI1H  nojiyuiijiH  6ojibmoe  npi-iMeHem-ie 
pjiH  ycTpaHemiH  npo6jieMBi  pacc[>a3HpoBXH,  CHHxpoHiraapHH  h  reHepupoBaHiia  nacTOT  pjia  Mi-ixpoapxi-iTexTyp 
hiiiiob.  B  HacToam,ee  BpeMH  OAIIH  npiiMeHaeTCH  pjih  pemeHira  3apann  3Heproc6epe>xeHHH  pjia  MHoroapepHBix 
CI-ICTeM . 

B  paHHoii  pa6oTe,  c  noMom,bio  pa3pa6oTaHHBix  MeTopoB  aHajni3a  CiiCTeM  c  pi-ijiHHppHHecxHM  c|)a30BBiM  npo- 
CTpaHCTBOM[l,2,3,4],  nojiyneHBi  pe3yjiBTaTBi,  no3BOJiHK>m,He  npoBopiiTB  ciiHTe3  CiiCTeM  OAIIH  c  h m i \ yj t bc h bi m h 
reHepaTopaMH.  9th  iio3bojijiiot  npoBecTii  pjra  HMnyjiBCHBix  TaxTOBBix  reHepaTopoB  napajuiejiBHoe  paccMOTpe- 
HHe:  Ha  ypoBHe  ajiexTpoiiHoii  peajiH3au,HH  h  na  ypoBHe  c[)a30BBix  cooTHomeHiiii,  rpe  mohcho  npiiMeHHTB  o6in,ne 
IipHHUHIIhl  TeOpHH  <J)a30B0H  CHHXpOHH3aH,HH.  IIojiyHeHBI  Xpi-ITepiIII  rjIo6ajIBHOII  yCTOHHIIBOCTH  CI-ICTeM  OAITH, 
nojiyneHO  o6o6iu,eHHe  pe3yjiBTaTOB  a m ep h  xa  h  c  x  h  x  yneHBix  .Timceji  h  Birrep6n  [5,6]. 
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Phase  Locked-Loops  in  Circuit  Techniques 

Kuznetsov  N.V.,  Leonov  G.A.,  Seledzhi  S.M. 

Saint-Petersburg  State  University,  Russia 


Phase-locked  loops  (PLLs)  are  frequently  encountered  in  radio  engineering  and  communication.  Survey  of  the 
application  of  PLL  in  computer  architectures  and  microprocessors  is  given.  Design  of  PLL  in  terms  of  phase 
relations  is  considered.  Generalization  of  Viterbi  theorem  on  the  form  of  phase  detector  characteristic  is  made. 
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oijehka  iiapametpa  roMOKJiHHHHECKon  ehoypkaijhh 

B  CHCTEME  JIOPEHIJA 
JleoHOB  T.A.,  OjieHHyK  C.A. 

CaHKm.-nernepOypzcKuu  gocydapcmeemtuu  ynueepcumem,  Poccuh 

Ifejmio  paboTBi  hbjihctch  H3y'ieHiie  HexoTopbix  cbohctb  cenapaTpncbi  cncTeMbi  JIopeHu,a.  HncjieHHBie  axcnepn- 
MeHTBi  noKa3BiB aiOT,  hto  npii  HeKOTopbix  3Ha'ieHHHx  napaMeTpoB  o,n,HOMepHaH  HeycTonmiBaH  cenapaTpuca  CTpe- 
miitbch  k  o^HOMy  H3  nojioJxeHiin  paBHOBeciiH  CHCTeMbi.  ITpii  H3MeHeHHH  OT,n,ejibHbix  napaMeTpoB  cenapaTpuca 
HaniraaeT  CTpeMiiTBCH  k  .npyroMy  nojiojxemiio  paBHOBeciin.  Kax  m-icjieHHbie  axcnepiiMeHTbi,  Tax  h  npiiMeHemie 
pa3JinnHbix  MeTO,n,OB  Tima  MeTO,n,a  TonenHbix  OTo6pa>xeHHH  no3BOjnnoT  yTBepjxyi,aTb,  hto  cyipecTByiOT  3Hane- 
hhh,  npn  xoTopbix  iieycTonniiBaH  cenapaTpuca  B03Bpam,aeTCH  b  ce^jio,  n  o6pa3yeTCH  Tax  Ha3biBaeMaa  neTjin 
cenapaTpncbi,  hjih  roMOxjniHHHecxaH  TpaexTopiiH  (TO>xe  caMoe,  OHeBimHO,  nponcxo^HT  n  co  BTopoii  ciiMMeTpiiH- 
hoh  cenapaTpncoii,  Tax  hto  b  cjiasoBOM  npocTpaHCTBe  cncTeMbi  o6pa3yeTCH  cenapaTpiiCHan  «BOCBMepxa»).  Mbi 
,n,oxa>xeM  cymecTBOBamie  Taxoro  6n4)ypxan,Honnoro  3HaneHiiH  o,n,Horo  H3  napaMeTpoB  (npn  cjjnxcnpoBaHHbix 
ocTajibHbix) ,  h,  TaxiiM  o6pa30M,  CMOixeM  ycTaHOBiiTB  sto  ^jih  jiio6bix  SHaneHHH  napaMeTpoB.  Oco6eHHOCTbK> 
npe^CTaBjiemioro  MeTO^a  hbjihctch  ero  Bbicoxan  tohhoctb,  Harjin^HOCTb  n  npocTOTa  ,h,jih  peajiH3an,nn  Ha  xom- 
nbKJTepe.  MeTO,n,  ocHOBaH  na  npnMeHeHnn  cncTeM  cpaBHemiH.  Mbi  ctpohm  ^Be  nocjie,n,OBaTejiBHOCTii  cncTeM 
cpaBHemiH,  xoTopbie  npn6jin>xaK>T  cenapaTpncy  cncTeMbi  JIopeHpa  CBepxy  n  CHH3y  cooTBeTCTBenHO.  CncTeMbi 
H3  nocjie^OBaTejibHOCTeii  hbho  He  pa3penniMbi,  nosTOMy  mbi  6yn,eM  n  /yin  hiix  ctpohtb  cncTeMbi  cpaBHemiH. 
IIonbiTXH  on,eHxn  pememin  chctcm  113  nocjiern,OBaTejiBHOCTen,  b  tom  nncjie  n  c  noMOipbio  cncTeM  cpaBHemiH, 
npe^npiiHiiMajincb  n  paHee,  o^Haxo  ohh  npiiBO^njin  x  Texminecxn  cjiojxhbim  ii  ne^ocTaTonHO  tohhbim  pe3yjiB- 
TaTaM,  npnneM,  opemiBajiiicb  pememiH  tojibxo  CBepxy.  IIpefljiaraeMBiH  b  ^oxjia^e  cnoco6  ropa3,n,o  npoipe  paHee 
ncnojiB30BaBmnxc5i  n  HHTyHTHBHO  6ojiee  noHHTHBiii.  Oh  ,n,aeT  bo3mo>xhoctb  opemiTB  cenapaTpncy  CBepxy  n  chh- 
3y,  n  TeM  caMbiM  ^aTb  Heo6xo,n,HMoe  n  .gocTaTOHHoe  ycjiOBiie  HajiiimiH  roMOxjiHHnnecxoii  cenapaTpncbi.  KpoMe 
toto,  b  Bimy  oco6eHHOCTii  MeTO^a,  oh  no3BOJineT  ^ejiaTB  opeHnii  cxojib  yro^HO  TOHHbie  n  tohhoctb  stoto  Me- 
TO^a  orpaHiineHa  jinmb  bo3mo>xhocthmh  ncnojiB3yeMoro  xoMnbiOTepa.  CnocoG  npe^nojiaraeT  opeHxy  pememiH 
cncTeM  H3  nocjie^OBaTejiBHOCTeii  c  noMom,bio  nocTpoemiH  ^jih  hiix  HiicjieHHbix  BepxHiix  h  hhjxhhx  opeHOx  hbho 
HHTerpi-ipyeMbix  ciictcm.  npnneM  BepxHiie  h  hh>xhhc  opeHxn  cxo^htch  x  caMOMy  pememiio,  T.e.  mbi  MO>xeM 
npn6jiH3HTb  ero  cxojib  yro^HO  tohho.  TaxiiM  o6pa30M,  mbi  CMOixeM  cxojib  yro^HO  tohho  npii6jni3HTB  pememiH 
cncTeM  H3  nocjie^OBaTejiBHOCTeii,  xoTopbie  cxo^htch  x  cenapaTpuce  chctcmbi  JIopemi,a  (o^Ha  H3  nocjie^OBaTejiB- 
HOCTeii  HBjiHeTCH  BepxHeii  opeHxoii,  BTopan  —  hhjxhch)  ,  a  cjie^OBaTejiBHO  mbi  MOixeM  nojiyniiTB  cxojib  yro^HO 
TOHHbie  Bepxmoio  ii  hiijxhioio  opeHxy  ^jih  cenapaTpncbi.  OcHOBBiBancB  Ha  stom  nojiyneH  xpHTepnit,  no3BO- 
jiHiomnii  onpe^ejiiiTB,  hbjihctch  jiii  cenapaTpuca  roMOxjiHHHnecxofi  TpaexTopneii  hjih  HeT,  a  t.jx.  pa3pa6oTaH 
ajiropiiTM,  xoTopbiii  no3BOJiHeT  npoBepiiTB  sto  ^jih  jno6oro  na6opa  napaMeTpoB. 


Lorenz  System  Homoclinic  Bifurcation  Parameter  Approximation 

Leonov  G.A.,  Olenchuk  S.A. 

Saint-Petersburg  State  University,  Russia 

Lorenz  system  separatrix  behavior  depending  on  the  parameters  values  is  studied.  We  are  interested  in  the 
parameter  value  (for  any  fixed  other  parameters  values)  when  the  separatrix  becomes  a  homoclinic  trajectory, 
i.e.  returns  to  the  equilibrium  point  from  which  it  comes  from.  New  way  of  using  comparative  systems  for 
approximating  this  parameter  is  presented.  The  main  benefit  of  the  new  method  is  its  simplicity  and  high 
precision. 
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O  AOCTATOHHbIX  YCJTOBMX  CyilJECTBOBAHM 
rOMOKJTHHHHECKOH  TPAEKTOPHH  RRK  CHCTEMbI  JIOPEHIJA 

JlaniKO  C.A. 

BcuiamoecKuu  (fiu,Aua,A  Capamoecnoeo  eocydapcmeennozo  ynueepcumema,  Poccuh 


PaccMOTpi-iM  ciiCTeMy  JIopemi,a 


x  =  -a(x  -  y), 
y  —  rx  —  y  —  xz, 
z  =  —bz  +  xy, 


(i) 


r^e  a,  b,  r  —  nojioJKHTejibHbie  napaMeTpbi,  r  >  1. 

IlycTb  er(s),  b(s),  r(s)  —  rjia^Knii  nyTb  b  npocTpaHCTBe  napaMeTpoB  stoh  CHCTeMbi.  06o3HaHHM  nepe3  x(t)+, 
y(t)+,  z(t)+  cenapaTpucy  ce^jia  x  =  y  =  z  =  0,  yupBjieTBopsnoniyio  cooTHomemisM 

lim  x(t)+  =  lim  y(t)  +  =  lim  z(t)  +  =  0,  x{t)  >0,  Vi  <  i0, 

t— >oo  t — >oo  t— >oo 

rpp  t o  <C  0.  r.A.  .HeoHOBbiM  q,OKa3aH  cjie/iyioiuHH  pe3yjibTaT. 

Ilycmb  2a(s)  >  b(s),  Vs  £  [0,1]  u  Oaa  awSozo  s  £  [0,so)  cyipecmeywm  hucjm  T(s)  >  t(so)  maKue,  umo 
eunoAHenu  c.aedywvu,ue  coomnomeHusi: 

x(T)+  =  x(t)+  =  0,  (2) 

x(t)+  >0,  Vi  <  T,  (3) 

x{t)+  ^  0,  Vi  <T,  t^T.  (4) 

IIpednoAOCHCUM,  umo  Saa  s  =  sq  ne  cymecmeyem  napu  T(so)  >  t(s o)  manon,  umo  eunoAHenu  coomnomeHUA 
(2)-(4)-  Tozda  npu  s  =  sq  mpaeKmopuA  x(t)  + ,  y{t)+ ,  z(t)  +  ABAAemcA  eoMOKAununecKOu: 


lim  x(t)+  =  lim  y(t)+  =  lim  z(t)+  =  0. 

t—>  oo  t — >oo  t — >-oo 


PaccMOTpi-iM  cnepiiajibHbiii  nyTb  a(s )  =  a o,  r(s)  =  ?’o,  5(s)  :  5(0)  =  0,  5(1)  =  2oq,  5(s)  €  (0,  (To),  Vs  €  (0, 1), 
n  ,a,Ba  npe,a,ejibHbix  cjiynaa:  |5(s)  —  2cto|  <  e,  r^e  e  —  .npcTaTOHHO  Majioe  hiicjio,  n  5(0)  =  0.  P.A.  JleoHOB 
noKa3aji,  hto  b  nepBOM  npe,a,ejibHOM  cjiynae  cenapaTpnca  ce,a,jia  x(t)+,  y{t)+ ,  z(t)  +  CTpeMi-rrca  npn  i  — >  +oo  k 
yCTOHHIIBOMy  COCTOHHIIIO  paBHOB6CI-IH  H  x(t)  +  >  0,  Vt  £  R} . 

Abtopom  nojiyneHbi  ^.ocTaTonHbie  ycjiOBiia  na  napaMeTpbi  a  n  r  BbinojiHemisi  cooTHomeHnii  (2)— (4)  /pin 
cncTeMbi  (1)  bo  BTopoM  npe,n,e.jibHOM  cjiynae.  Tenepb  H3  npiiBe,n,eHHbix  Bbime  pe3yjibTaTOB  P.A.  JleoHOBa  n 
HenpepbiBHoii  3aBHCHMOCTn  ot  napaMeTpoB  Kycxa  cenapaTpucbi  x(tf  +  ,  y{t)+ ,  z(t)+  (i  <  T)  cjiepyex,  hto  npn 
3THX  ycjiOBHHx  (xoTopbie,  iianpiiMep,  npn  a  =  10  BbinojmjnoTCH  ,h,jih  r  £  [28, 23;  35, 43]  a  npn  er  =  16  —  pjm 
r  £  [39, 84;  55, 92]  )  cyipecTByeT  TaKoe  5  £  (0,2 a)  hto  cncTeMa  (1)  i-iMeeT  roMOKjiiiHHHecKyio  TpaeKTopino. 


About  Sufficient  Conditions  of  the  Lorenz  System  Homoclinic  Orbit  Existence 

Lyashko  S.A. 

Balashov  branch  of  Saratov  State  University,  Russia 

The  property  of  unstable  manifold  of  the  equilibrium  state  (0,0,0)  of  the  Lorenz  system  is  proved.  It  furnished 
a  proof  of  a  sufficient  condition  of  homoclinic  orbit  existence. 
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AHHAMHHECKHH  XAOC  B  HEJIHHEHHblX  AMOEPEHIjnAJTbHbIX 
yPABHEHHHX  BTOPOrO  IIOPH^KA  C  nEPHO^HHECKHMH 

kodoohijhehtamh 

MarHHii,KHH  H.A. 

HHcmumym  cucmeMHOso  anaAU3a  PAH,  Poccuh 

B  pa6oTax  [1-6]  npe,n,jio:>xeHa  HOBan  ymiBepcajiBHaji  Teopim  ^imaMimecxoro  xaoca  b  HejiiiHeiiHBix  /ptccunaTHB- 
hbix  ciiCTeMax  ^ncjjcjDepeHpiiajiBHBix  ypaBHemm,  Bxjnouaii  aBTOHOMHBie  o6BiKHOBeHHBie  ^i-ic^cjDepeHpi-iajiBHBie 
ypaBHemm ,  ypaBHemm  c  uacTHBiMii  npoii3BO,a,HBiMii  h  c  3ana3,n,BiBaioiii,HM  apryMeHTOM.  Ochobhbimh  xapaxTep- 
hhmh  aep'raMH  hoboii  Teopim  hbjihiotch:  cymecTBOBaHiie  e^imcTBeHHoro  Tima  HeperyjmpHBix  aTTpaxTopoB  bo 
Bcex  HejnmeimBix  ^HCCiinaTiiBHBix  CiiCTeMax  ^HcjDcjjepeHpiiajiBHBix  ypaBHemm  (cimryjmpHBie  aTTpaxTopBi) ,  ot- 
cyTCTBiie  nojioJKi-iTejiBHoro  noxa3aTejm  JInnyHOBa  Ha  cimryjmpHOM  aTTpaxTope,  cymecTBOBaHiie  e^imcTBeimoro 
yHi-iBepcajiBHoro  cqeHapim  nepexo^a  k  ^imaMimecxoMy  hjih  npocTpaHCTBeimo-BpeMemiOMy  xaocy  b  Hejnmeii- 
hbix  ^HCCi-inaTHBHBix  CHCTeMax  ^iKjxJjepeHpuajiBHBix  ypaBHeHiiii  uepe3  cy  6 1  ap mo h  h  '  iec  k  h  ii  xacxa,ii,  fwcjjypKanHii 

yCTOHHHBBIX  HJIXJIOB  HJIH  ^.ByMepHBIX  TOpOB. 

B  ocHOBe  hoboh  Teopim  ,n,imaMimecxoro  xaoca  jieixaT:  Teopim  ®eiireH6ayMa-IIIapxoBCxoro  cy6rapMomme- 
ckoto  xacxa,n,a  6nc})ypKanHH  iijixjiob  b  o,n,HOMepHBix  yHiiMO,n,ajiBHBix  OTo6pa>xeHimx,  Teopim  Marmm,xoro  oco6oii 
to'ikh  Tima  poTop  ,n,ByMepHOii  HeaBTOHOMHOii  ciiCTeMBi  ^iKjxJjepeHpuajiBHBix  ypaBHeHiiii,  nBjunomancji  moctom 
Mexyny  aBTOHOMHBiMii  CHCTeMaMH  ^iicJxjiepeHpHajiBHBix  ypaBHeHiiii  h  o^,HOMepHBiMii  orro6pa>K6H im m h ,  h  Teopim 
roMOKjiiiHimecKoro  xacxa/i,a  f)H(.J:)ypKanHii,  cjie,nyioiii,ero  3a  xacxa/i,OM  IIIapKOBCKoro.  Bee  nojioixeHim  Teopim 
<DeiireH6ayMa-IIIapKOBCKoro-MarHimKoro  CTporo  h  b  ^eTajmx  ^oxa3aHBi  b  [1-6].  TaM  >xe  npo/jeMOHCTpupoBaHa 
yHiiBepcajiBHOCTB  OIHM-Teopim  h  ymixajiBHaH  mnpoTa  ee  npiiMeHiiMOCTii  k  pa3jiiiHHBiM  cucTeMaM  ^ncJxjDepeH- 
pnajiBHBix  ypaBHeHiiii,  nammaii  co  Bcex  xjiaccnuecxHx  TpexMepHBix  aBTOHOMHBix  xaoTimecKiix  cucTeM,  Taxux 
xax  ciiCTeMBi  JIopeHpa,  Peccjiepa,  Hya,  h  xoHuan  CHCTeinaMH  HejiiiHeiiHBix  ^nc[x[)epeHii,HajiBHBix  ypaBHeHiiii  c 
nacTHBiMii  npoii3BOflHBiMii  ii  c  3ana3^,BiBaiOHi,HM  apryMeHTOM,  TaxHMH  xax  ypaBHeHiie  KypaMOTO-U,y3yxn  (3a- 
BiiCHmee  ot  BpeMeiiii  ypaBHeHiie  riiH36ypra- JIaH,n,ay)  11  ypaBHeime  Msxxii-Ijiacca. 

B  HacTOHipeM  ^.oxjia^e  noxa3aHO,  hto  ymiBepcajiBHan  OIIIM-Teopim  .gimaMimecxoro  xaoca  b  fliiccimaTiiB- 
hbix  ciiCTeMax  HejiiiHeiiHBix  fliKjxliepeHiijiajiBHBix  ypaBHeHiiii  oniiCBiBaeT  Taxixe  nepexo^i,  x  xaocy  11  b  HexoTopnix 
xjiaccHnecxHx  HejiiiHeiiHBix  ^iKjxJiepeHpHajiBHBix  ypaBHeHimx  BToporo  nopn^xa  c  nepno^iiHecxiiMii  xosiJkJ5111!1'1- 
eHTaMii,  Taxux,  nanpiiMep,  xax  ypaBHeHiie  AK)<f:)C]:)I'IHra_XojiMca,  o6o6m,eHHoe  ypaBHeime  MaTBe  h  HexoTopBix 
^pynix  ypaBHeHimx,  aHajiii3  xoTopaix  hhbimii  MeTO^aMii  He  npe^,CTaBjmjiCH  bo3mojxhbim  b  Teuemie  mhoi  hx 
^ecHTirjreTHH. 
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[5]  MarHimKiiii  H.A.,  Ch,zi,opob  C.B.  O  nepexoji;e  k  flii4>4)y3HOHHOMy  xaocy  nepe3  cy6rapMOHiinecKHii  Kacxaji  6ii4>ypKan,iiii 
flByMepHbix  topob:  HHCJieHHoe  iiccjie,n,OBaHHe.  //  /Iii4><J>epeHH,.  ypaBH.  t.  41,  N.  11,  2005.  c.  1550-1558. 
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Dynamical  Chaos  in  Nonlinear  Differential  Equations  of  the  Second 
Order  with  Periodic  Coefficients 
Magnitskii  N.A. 

Institute  for  Systems  Analysis  of  Russian  Academy  of  Sciences,  Russia 

It  is  shown  that  the  universal  Feigenbaum-Sharkovskii-Magnitskii(FSM)  theory  of  dynamical  chaos  in  nonlinear 
dissipative  systems  of  differential  equations  is  applied  also  for  nonlinear  non-autonomous  differential  equations 
of  the  second  order  with  periodic  coefficients  such  as  Duffing-Holmes  equation,  generalized  Matie  equation  and 


so  on. 
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XAOC  H  CTPYKTyPbl  B  HEJIHHEHHbIX  COIJHAJIbHO- 
3KOHOMHHECKHX  MOAEMX  BAH^JIHXA  -  TPYEEIJKOBA 

MarHHii,KHH  KD.H. 

MHcmumym  cucmeMHozo  anaAU3a  PAH,  Poccuh 

Kjiacc  HejiiiHeiiHbix  pH  h  aM  h  ( iec  k  h  x  Mopejieii,  npepcTaBjunomux  co6oi"i  pByMepHBie  ciiCTeMBi  HejiiiHeimBix 
c^epeHpiiajiBHBix  ypaBHeHHfi  c  npaBBiMi-i  uacTHMH  jiomiCTHHecKoro  Tima,  6biji  npepjionceH  B.  BaftpjnixoM  b  [1-2] 
pjra  KanecTBenHoro  oimcaHHH  BecBMa  miipoKoro  xpyra  copiiajiBHO-SKOHOMHHecKHx  npopeccoB.  OppaKO,  Mopejm 
Baimjiiixa  npn  oniicaHnn  HBjieHiiii,  npoHCxopinipix  b  o6ru,ecTBe,  y  hi-itbib aiOT  jiiimB  ppa  Han6ojiee  cymecTBeHHBix, 
no  MHeHHio  hx  aBTopa,  cJmKTopa.  9to  OKa3BiBaeTcn  pocTaTOHHBiM  pan  oniicamiH  HexoTopBix  KOjie6aTejiBHBix, 
nepHopiiHecKiix  bo  BpeMemi  npopeccoB,  ho  coBepmeimo  nepocTaTOHHO  pan  oniicamiH  6ojiee  cjiohchbix  Koae6a- 
TejiBHBix  h  Henepno^H'iecKHx  (xaoTiinecKiix)  pe>KHMOB.  B  cbh3ii  c  sthm  J\A/L.  Tpy6en,KHM  b  [3]  Gbijio  npepaonceHO 
o6o6nj,eHiie  Kjiacca  nejiiiHeHHBix  Mopeaeii  Baftpauxa  Ha  TpexMepHBie  CiiCTeMBi  o6bikhob6hhbix  flH<J)(J)epeHH,H- 
ajiBHBix  ypaBHem-iH,  KOTopbie,  Kax  H3BecTHO,  ponycKaiOT  caoamBie  HeperyaapHBie  h,  b  tom  micae,  xaoTHuecKiie 
pemeHHH.  B  [3]  npoBepeH  aHajni3  HecKOjiBKi-ix  copnaaBHO-SKOHOMHHecKHx  Mopeaeii  TaKoro  Tima  h  noKa3aHO, 
hto  b  HexoTopBix  cayuaax  3th  Mopean  MoryT  riMeTB  nepHopimecKiie  penieHiia  pa3aiiHHBix  nepiiopoB  h  paace 
HeperyjiHpHBie  (xaoTHHecKiie)  aTTpaKTopBi.  OpHaKO,  HeBBiacHemiBiM  ocTaaca  otbct  Ha  Bonpoc,  kbkhm  o6pasoM 
b  3thx  Mopeaax  npoiicxopiiT  nepexop  ot  nepnopiiHecKiix  KOJie6aHHi"i  k  xaoTimecKHM  h  Ramie  HeperyaapHBie 
aTTpaKTopBi  MoryT  poacpaTBca  b  npopecce  TaKoro  nepexopa? 

B  npe,H,CTaBjieHHOM  poxaape  noKa3aHO,  hto  nepexop  k  xaocy  b  HejiriHeHHBix  copnajiBHO-SKOHOMiiHecKiix 
Mopeaax  Baftpauxa  -  Tpy6en,Koro  npoiicxopiiT  b  nojiHOM  cooTBeTCTBim  c  ymiBepcanBHBiM  OIIIM-cpeHapneM 
nepexopa  k  pimaMHHecKOMy  xaocy  b  pHCCi-inaTHBHBix  Hejn-iHeilHBix  CHCTeMax  o6bikhobchhbix  ^HcjjcjjepeHpHajiB- 
hbix  ypaBHem-iH  [4-7],  T.e.  nepe3  Kacicap  6n<J)ypKannH  Oei"ireH6ayMa  ypBoemiH  nepnopa  ycTonmiBBix  h,hkjiob, 
3aTeM  nepe3  cybrapMOHHuecKHH  Kacxap  faicbypKanHH  IIIapKOBCKoro  poacpemisi  ycTonmiBBix  h,iikjiob  aio6oro 
nepnopa  bhjiotb  po  pmcaa  nepnopa  Tpn,  h  3aTeM  nepe3  roMOKjiHHHHecKHfi  Kacxap  6ncj}ypKannH  MaranpKoro. 
TaxiiM  o6pa30M,  Bee  HeperynapHBie  aTTpaKTopBi,  poacpaiomiiecsi  b  Mopeaax  Baftpaiixa  -  Tpy6en,Koro  b  npo¬ 
pecce  nepexopa  k  pimaMHHecKOMy  xaocy,  hbjijhotch  CHHrynapHBiMH  aTTpaKTopaMH  b  CMBicjie  hx  onpepeaemiH 
b  paMKax  OniM-Teopiiii. 
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Chaos  and  Structures  in  Nonlinear  Social-Economic  Weidlich- Trubetskov  Models 

Magnitskii  Y.N. 

Institute  for  Systems  Analysis  of  Russian  Academy  of  Sciences,  Russia 

It  is  shown  in  the  report  that  the  transition  to  dynamical  chaos  in  nonlinear  social-economic  Weidlich-Trubetskov 
models  occurs  in  accordance  with  the  universal  Feigenbaum-Sharkovskii-Magnitskii  (FSM)  scenario  of  transition 
to  dynamical  or  spatial-temporal  chaos  in  nonlinear  dissipative  systems  of  differential  equations. 
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HAEHTMHKAIJM  H  AHAJIH3  AHHAMH4ECKHX  CHCTEM 

HoBocejioB  O.H. 

MocKoecKuu  gocydapcmeemiuu  ynueepcumem  Jieca,  Poccuh 

B  npe,n,jiaraeMOM  .npKjia^e  nocjie,a,OBaTejibHO  H3Jio»ceHbi  npiiKjia,a,Hbie  MaTeMaTHnecKiie  MeTO,n,bi  h; te h rr h cjj h Ka n h h 
h  aHajiH3a  flHHaMHnecKHx  CiiCTeM,  He  TOJibKO  jiHHeftHbix,  ho  h  nejiHHeiiHbix.  nojiyneHHbie  pe3yjibTaTbi  BKjnonaiOT 
nocTpoemie  cjDeHOMeHOJioniHecKoro  pa3HOCTHoro  ypaBHemra  /(HHaMU'iecKOH  ciiCTeMbi  no  nocjie^OBaTejiBHOCTH 
H3MepeHHbix  3HaneHHH  Hadjno^aeMbix  napaMeTpoB  ( 3adana  udeHmucfjuKayuu  cucmeAibi)\  HaxoHygemie  h 
OTo6pa>Keiiiie  nojiHoro  MHoncecTBa  pernem-iii  pa3HOCTHoro  ypaBHemiH,  xapaKTepirayiomHx  Bee  B03MO>KHbie  noBe- 
,neHHH  ciiCTeMbi  ( 3adaua  peiuenusi  ypaeneHusi)',  aHajiii3  MHOxecTBa  pemeHiiii  h  BbiHBjieHiie  ycjiOBiiii  bo3hiik- 
HOBeHIIH  KpriTHHeCKIIX  peHCHMOB  (J>yHKII,HOHHpOBaHHH  /(HHaMH'ieCKOH  CHCTeMbI,  I[pHBO/,(,HIHHX  K  KaTaCTpO(J>aM 
( 3adaua  auanu3a  noeedenuu  cucmeMti).  npHBe^eHbi  npiiMepbi  pjw  peajiBHbix  CiiCTeM  H3  SKOJiorHH,  Me^n- 

H,HHbI,  <f>H3HKH,  3KOHOMHKII. 


Identification  and  Analysis  of  Dynamical  Systems 

Novoselov  O.N. 

Moscow  State  Forest  University,  Russia 

In  the  present  talk,  applied  methods  of  identification  and  analysis  of  both  linear  and  nonlinear  dynamical 
systems  are  discussed.  Examples  for  real  systems  of  ecology,  medicine,  physics  and  economics  are  given. 
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IIOCTPOEHHE  HHBAPHAHTHbIX  MEP  H  OIJEHKA 

3HTPonnn  ahhamhheckhx  chctem 

OcHneHKo  T.C. 

CeeacmonoA'bCKUu  Haii/uoHcuibHuu  mexHUHecnuu  ynueepcumem,  Ynpauna 

IlycTb  /  :  M  — >  M  roMeoMop(J>H3M  KOMnaKTHoro  MHoroo6pa3ira  M,  f  nopoxygaeT  ,n,HCKpeTHyio  .zpiHaMHHecKyio 
ciiCTeMy  x(n+  1)  =  f(x(n)).  3a,n,aHa  coctoi-it  b  KOHCTpyKTiiBHOM  nocTpoemiii  ceMeiicTBa  iiHBapnaHTHBix  Mep  h 
hx  npHMeHemie  /pin  opeHKH  SHTpomm  ciiCTeMBi.  ripii  stom  xejiaTejiBHO  nojiyuiiTb  KOMnuiOTepHO  opiieHTiipo- 
BaHHBiii  ajiropiiTM  peajiii3yiomiiii  TaKoe  nocTpoemie. 

IlycTb  C  =  {M(i)}  HBjiaeTCH  noKpbiTi-ieM  (pa36neHiieM)  o6jiacTi-i  M.  IIoctpohm  CHMBOJiHHecKHft  o6pa3  G 
OTo6pa»ceHiiH  /,  KOTopbiii  jrajmeTCH  opiieHTiipoBaHHbiM  rpacjjOM  c  BepiuimaMH  {?'},  cooTBeTCTByiomriMi-i  HHeii- 
KaM  M{i),  h  pe6paMH  {i  — >  j},  cooTBeTCTByromiiMH  He  nycTbiM  nepeceneHiMM  (")  M(j).  Onpe,n,ejiHM 

(iiHBapiiaHTHbiii  3aMKHyTbii"i)  noTOK  Ha  rpacjre  cjie,nyioiii,HM  o6pa30M.  Ka»p3,OMy  pe6py  i  — >  j  conocTaBHM  Mepy 
(Bee)  noTOKa  m(ij)  Tax,  hto  6ynyT  BbinojiHeHbi  cjie,n,yioin,He  ycjiOBira: 

!)  Ey  ™(ij)  =  1, 

2)  pfls  Kanynpro  i  BbinojiHeHO  m(ki)  =  JT  rn(ij). 

IlepBoe  paBeHCTBO  03HaHaeT,  hto  Mepa  Bcero  noTOKa  paBHa  1,  to  ecTb  3Ta  Mepa  BepoaTHOCTHaa.  BTopoe 
paBeHCTBO  03HaHaeT,  hto  Mepa  Bxo^Hm,ero  noTOKa  b  Bepim-my  i  paBHa  Mepe  Bbixo,n,5Hn,ero  noTOKa.  9to  cboh- 
ctbo  mohcho  Ha3BaTb  HHBapiiaHTHOCTbio  Mepbi  noTOKa,  a  cyMMy  m(ij)  =  m(i)  Ha30BeM  Mepofi  BepmiiHbi  i. 
IIpocTOH  3aMKHyTbiH  h,hkji  {*(1), . . . , i{N)}  (T.e.  Bepunmbi  pasjniHHbi)  fljniHbi  N  nopoxygaeT  3aMKHyTbii"i  noTOK 
BH,n,a:  rn(ij)  =  1/N  pjm  ,ziyr  piiKjia  h  m(ij)  =  0  b  ocTajibHbix  cjiyHaax.  TaKoii  noTOK  mbi  Ha30BeM  npocTbiM 
noTOKOM.  Tax  kslk  npocTbix  hjikjiob  KOHenHoe  hiicjio,  to  npocTbix  noTOKOB  KOHenHoe  hiicjio.  IIotok  Ha  rpacjre 
nopoxc^aeT  penb  MapKOBa  c  BepoaTHOCTbio  nepexo^OB  p(ij)  =  m(ij)/m(i).  no#  SHTponneft  noTOKa  mbi  6yn,eM 
noHHMaTB  SHTporaiio  flaHHOH  penii  MapKOBa.  CeMeiicTBO  noTOKOB  Ha  rpacjre  G  ecTb  BbinyKjiBiii  MHororpaHHHK, 
KOTopbiii  HBjiaeTCH  BbinyKjioii  o6ojiohkoi“i  npocTbix  noTOKOB.  Ecjih  OTo6pa»ceHHe  /  HMeeT  iiHBapnaHTHyio  Mepy 
w,  to  cym,ecTByeT  noTOK  m(ij)  Taxon,  hto  ?n(z)  =  to  ecTb  mohcho  CKa3aTb,  hto  Ka»p3,a a  HHBapiiaHTHaH 

Mepa  BKjia,n,biBaeTCH  b  ceMeiicTBO  noTOKOB  na  rpacjje.  9HTponira  noTOKa  Ha  rpacjre  BbiHiicjiaeTCH  no  cjropMyjie 

E  =  m(i)  In  m(i)  —  m{ij)  In  m(ij) . 

i  ij 

Otmcthm,  hto  SHTpomiH  npocToro  noTOKa  paBHa  HyjiK).  PaccMOTpi-iM  nocjie.n.OBaTejibHoe  no,npa36HeHHe  no- 
KpbiTiiii  C(n).  Tanaa  nocjie^OBaTejiBHOCTb  nopo»c,ii,aeT  nocjie^OBaTejiBHOCTb  chmbojihh6Ckhx  o6pasoB  G(n)  h 
ceMeiicTB  hotokob  {m(ij)}(n),  KOTopbie  BKjia,n,biBaiOTCH  APyr  B  APyrB-  Bo3HHKaeT  nocjie,n,OBaTejibHOCTb  3HTpo- 
hhh  {E}(n).  B  ,n,OKjia^i,e  oraicbiBaiOTCH  B3aiiMOCBH3H  nojiyneHiibix  ceMeiicTB  noTOKOB  chmbojihh6Ckhx  o6pasoB 
h  HHBapriaHTHBix  Mep  flHHaMHHecKofi  ciiCTeMbi,  a  Tan  *e  SHTporaiii  stiix  o6T>eKTOB. 


Construction  of  Invariant  Measures  and  the  Estimates 
for  the  Entropy  of  Dynamical  Systems 

Osipenko  G.S. 

Sevastopol  National  Technical  University,  Ukraine 

The  invariant  measures  are  constructed  on  a  symbolic  image  of  a  dynamical  system  with  respect  to  a  covering. 
The  entropy  is  calculated  through  each  measure.  A  sequence  of  symbolic  images  is  generated  by  the  subdivisions 
of  the  initial  covering.  The  report  describes  the  correlation  between  the  constructed  measures  and  the  invariant 
measures  of  the  dynamical  system.  The  properties  of  the  constructed  entropies  and  the  topological  entropy  of 
the  system  are  considered. 
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KATACTPOMHECKHE  KOJIEEAHM  H  EAJIAHCHPOBKA 

IlaBJiOB  B.A.,  IlaBJiOB  B.B. 

Ka,3a,HCKUu  FocydapcmeenHuu  mexHunecKuil  ynueepcumem  um.  A.H.  Tynojieea,  Poccusi 

TeopeTi-inecKi-i  h  3KcnepiiMeHTajibHO  ycTaHOBjieHO  Heii3BecTHoe  paHee  HBjiemie  —  KOJie6aHiiH  KaTacTpocjniHecKoro 
H3M6HeHHM  cjjopMbi  cocTaBHbix  Text  b  noTOKe  ra3a  hjih  jkh,zi,kocth.  OTKpbiTiie  othociitch  k  pa3,n,ejiy  aaporim- 
poynpyrocTii  h  ,n,OKa3biBaeTCH  aBTopoM  Ha  npiiMepe  aspoynpyrocTii  cocTaBHbix  aBiiaKOHCTpyKpmi,  Taxiix  xax 
Kpbuio  caMOJieTa  c  ajiepoHOM  hjih  onepemie  c  pyjieM*. 

Cym,HOCTb  ero  coctoiit  b  tom,  hto  b  cocTaBHbix  CTepjKHHx  Tima  onepemiH  caMOJieTa  c  pyjieM,  HMeiomiiM 
6ojibmyK>  H3rn6Hyio  mecTKOCTb  b  njiocKOCTH  xop,n,  MHoroiuapHiipHyio  HaBecxy,  yroji  OTKjiOHeHiiH  ot  njiocKO- 
cth  onepemiH  h  Haxo,n,Hiii,erocH  b  noTOKe  ra3a  hjih  jkh^kocth,  npn  neKOTopoii  CKopocTii  Haberaiomero  noTOKa 
npoiicxo,a,HT  KaTacTpocjiHHecKHH  nepexo,n,  H3  o,n,Horo  paBHOBecHoro  coctohhiih  b  ^pyroe,  He  CMenmoe  c  nepBO- 
HanajibHbiM  b  o6jiacTb  6ojibimix  nporn6oB  h  3aKpy hub amin .  Yroji  OTKjiOHeHiiH  pyjin  bo  Bcex  ceueHHHx,  KpoMe 
6jih3kiix  k  KanajiKe  ynpaBjieHiiH,  yMeHbinaeTCH  ,n,o  HyjiH.  rtpii  yMeHbineHHH  CKopocTii  noTOKa  cjie,nyeT  B03Bpam,e- 
Hiie  k  HexoflHOMy  coctohhiiio  —  o6paTHan  KaTacTpocjia.  B  neKOTopbix  cjiyuanx  Tam-ie  nepexo,n,bi  cjie^yiOT  o,h,hh 
3a  /ipyi’HM,  o6pa3ya  KOJie6aTejibHbiii  npopecc.  9th  pa30Bbie  KaTacTpocjibi  iijih  KaTacTpo4»iHecKiie  KOJie6aHiiH  h 
HBJIHIOTCH  npe,H,MeTOM  OTKpblTIIH. 

IIpHHHHOH  KaTacTpot}) ii ' tec k h x  nepexo,n,OB  hbjihiotch  ciijibi  B3anMO^,eiiCTBHH,  HanpaBjieHHbie  no  HopMajm  k 
och  HiapHiipoB,  coe,n,HHHiomeH  CTepncHii,  h  jiencamne  b  njiocKOCTH  xop,n,,  o6Hapy»ceHHbie  aBTopoM  h  Ha3BaHHbie 
JIo6oBbIMII  peaKH,HHMH. 

H3BecTHO,  hto  njiocKiie  CTepucHH,  3arpy»ceHHbie  b  njiocKOCTH  Han6ojibmeii  xecTKOCTii,  MoryT  noTepHTb 
ycTOHHHBOCTb  njiocKOii  cjiopMbi  h  nepeftTH  k  cm6>khoh  cjiopMe  paBHOBeciiH.  B  ,H,aHHOM  cjiynae  stot  nepexo,n,  npo- 
HexoflHT  b  BH,H,e  npoiu,ejiKHBaHiiH,  nepexo,H,a  ii3  ^ecjiopMHpoBaHHoro  coctohhiih  ( uariiba  h  KpyueHHH  CTepyKHeii) 
K  HeCMeJKHOH  (J)OpMe  paBHOBeciiH. 

AoxasaTejibCTBOM  toto,  hto  o6Hapy»ceHbi  HOBbie  KOJie6aHiiH,  a  ne  o,h,hh  ii3  bh,h,ob  cjuiaTTepa  cocTaBHbix 
KOHCTpyKH,HH,  CJiyJKHT  o6Hapy>KeHHbIH  aBTOpOM  o6paTHbIII  acjicjieKT  BJIHHHHH  Ha  HIIX  6ajiaHCHpOBKII  pyjieii. 
OjiaTTepa  He  cyipecTByeT,  ecjm  b  KanynpM  cchchhh  pyjiH  BbinojmeHa  6ajiaHCiipoBKa,  a  KaTacTpocjiHHecKHe  KOjie- 
6aHiiH  nocjie  npoBe,n,eHHH  6ajiaHCiipoBKii  CTaHOBHTCH  6ojiee  hctkhmh  ii  c  6ojibmeii  aMnjuiTy^oii.  H3  CKa3aHHoro 
Bbime  ,n,ejiaeTCH  bbibo,ii,,  hto  ycTaHOBjieHO  Heii3BecTHoe  paHee  HBjieiine  —  KOJie6aHiiH  KaTacTpocjiHHecKoro  ii3Me- 
HeHiiH  (JiopMbi  cocTaBHbix  Teji  b  noTOKe  ra3a  hjih  jkh^kocth,  kotopbix  HeT  b  cymecTByiomeii  KjracciicjiHKanHH 
KOJie6aHHii  aBiiapnoHHbix  KOHCTpy kh,hh . 

OTKpbiTiie  H3MeHHeT  cjioJKHBHiHecfl  HayHHbie  npe^CTaBjieHHH  b  o6jiacTii  aBi-iapim,  b  nacTHOCTH  b  o6jiacTii 
npoHHOCTii  h  aapoynpyrocTii  aBiiaKOHCTpyKipiii,  npe^CTaBjiHiomiix  co6oh  cocTaBHbie  CTepvKHii,  njiacTimbi  hjih 
o6ojiohkh,  TaKiie  Kan  Kpbuio  c  ajiepoHOM,  3aKpbuiKOM  hjih  onepeHiie  c  pyjieM.  Po,n,Hjiocb  HOBoe  naynHoe  HanpaB- 
jiemie,  KOTopoe  mohcho  ccjjopMyjinpoBaTb  kslk  « reoMeTpHnecKH  nejiHHeiiHbie  m arre Marr h h ec k h e  MO,n,ejiH  CTaTHKH 
H  flHHaMHKB  CTepHCHeil  H  COCTaBHbIX  CTepHCHeBbIX  KOHCTpy KH.HH,  H  IIX  npHJIOHCeHIie  K  3a,H,aHaM  ,H,BH>KeHHH,  npOH- 
HOCTii  h  npoeKTiipoBaHHH  Hecymux  h  ynpaBjiHiomiix  noBepxHOCTeii  jieTaTejibHbix  annapaTOB,  k  nccjie,ii,OBaHHHM 
flHHaMHKH  jionacTeii  Hecymux  bhhtob». 

9to  no3BOjiiuio  no-HOBOMy  opeHiiTb  MexamiKy  ^ecjiopMHpoBaHHH  h  ^buhcchuh  cocTaBHoro  MHoro3Beimoro 
Kpbuia,  HaflTH  ciijibi  B3aiiMO,n,eHCTBHH  Menyuy  OT^,ejibHbiMii  3BeHbHMii,  B3aiiMHbie  nepeMemeHHH  3BeHbeB  (Kpbuia 
c  3aKpbuiKOM) ,  onpe,n,ejiHeMbie  ajieMeHTaMii  iix  coe^HHeHnit  (KpoHinTeiiHaMii  h  pejibcaMii) . 

JlHTepaiypa 

C6opHiiK  «HaynHbie  OTKpbiTiiH»,  Bbin.  2,  MocKBa,  PAEH,  MAAHOH,  2005 

*  OTKpbiTiie,  ^unjiOM  N2  270.  5lBjieHiie  o6pa30BaHiiH  KOJie6aHini  KaTacTpocjniHecKoro  H3MeHeHiiH  (JiopMbi  cocTaB¬ 
Hbix  Teji  b  noTOKe  ra3a  hjih  hcii^koctii. 


Catastrophic  Fluctuations  and  Balancing 

Pavlov  V.A.,  Pavlov  V.V. 

Kazan  State  Technical  University  named,  by  A.N.  Tupolev,  Russia 

The  unknown  earlier  phenomenon  fluctuations  of  catastrophic  change  of  the  form  of  compound  bodies  in  a 
stream  of  gas  is  found.  Discovery  is  proved  by  example  of  compound  aviation  designs.  Unlike  flatter  catastrophic 
fluctuations  are  not  eliminated  by  traditional  balancing  and  rather  provoked  by  it. 
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TnriHHHblE  OTHOIHEHM  ME*/],y  IIPnBJIH>KEHHOH  H 

TOHHOH  flHHAMHKOH 

IlHJiiorHH  C.KD. 

CaHKm.-nemepSypscKuu  socydapcmeenHuu  ynueepcumem,  Poccusi 

llycTb  /  -  roMeoMop4»i3M  (^ncjrcjDeoMopcjrHSM)  MeTpnnecKoro  npocTpaHCTBa  (rjia,n,Koro  3aMKHyToro  MHoroo6- 
pa3iia)  (M,  dist). 

06o3HaHi-iM  nepe3  0(p,  f )  TpaeKTopmo  tohkh  p  b  h h a m h t i e c ko h  ciiCTeMe,  noponc^aeMon  OTo6pa»ceHiieM  /. 
nocjie,n,OBaTejiBHOCTB  £  =  { x &  :  k  £  Z}  na3BiBaeTCH  d-nceB/joTpaeKTopnen,  ecjin 

dist(ajfc+i,  f(xk))  <d,  k  G  Z. 

ToBopaT,  hto  /  o6jia,n,aeT  cbohctbom  OTCJiejKHBaHHH  (op6iiTajiBHoro  OTCJie»aiBaHiiH,  cjiaboro  OTCJiexiiBa- 
Hna),  ecjin  no  jno6oMy  e  >  0  mojkho  yna3aTB  Taxoe  d  >  0,  hto  pjisi  jiio6oh  d-nceB,n,OTpaeKTopiiii  £  HaimeTC a 
Taxaa  TOHKa  p,  hto 

dist  (a :k,fk(p))<d,  keZ 

(cooTBeTCTBemio, 

distH  (%,  0(p,  /))  <  e, 

r^e  dist^  -  paccToamie  no  XaycAopcjry,  n 

£  C  N(e,0{p,  /)), 

iyi,e  N(a,A)  -  a-OKpecTHOCTB  MHoncecTBa  A). 

9th  CBOilcTBa  mo>kho  paccMaTpriBaTB  nan  BapnaHTBi  ycTonni-iBOCTi-i  CTpyKTypni  MHoacecTBa  TpaeKTopnii 
/plHaMH'ieCKOH  CHCTeMBI  OTHOCI-ITejIBHO  MajIBIX  pa3pBIBHBIX  B03Mym,eHHH. 

B  ,n,OKjia,ii,e  o6cy»c,ii,aiOTca  Cfc-njiOTHOCTB  n  CA’-ti-iiihhhoctb  BBe^eHHBix  cbohctb  npn  k  =  0, 1. 


Generic  Relations  Between  Approximate  and  Exact  Dynamics 

Pilyugin  S.Yu. 

Saint  Petersburg  State  University,  Russia 


We  discuss  the  problem  of  Cfc-density  and  Cfc-genericity  for  the  usual,  orbital,  and  weak  shadowing  properties. 
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CHAOS  THEORY 


AHHAMHHECKHE  PE>KHMbI,  EMYPKAIJHH  H  XAOC  B  CHCTEMAX 
C  HACTOTHbIM  H  HACTOTHO-OA30BbIM  YIIPABJIEF1HEM 

IIoHOMapeHKo  B.II. 

HHH  npuKAadnou  MameMamunu  u  KuSepnemuKU 
HutmeaopodcKOdo  eocydapcmeennoeo  ynueepcumema  um.  H.H.  JIoSaueecKozo,  Poccuh 

B  .goxjia^e  o6cyix,a,aiOTCJi  npo6jieMBi  MaTeMaTiinecxoro  MO^ejiiipoBaHiia  npoqeccoB  HejinHenHon  flHHaMHKH  b 
ciiCTeMax  c  nacTOTHBiM  h  xoMbnHHpoBaHHBiM  HacT0TH0-(J)a30BBiM  ynpaBjiem-ieM.  MaTeMaTnnecxne  MO^ejm  pac- 
CMaTpriBaeMBix  ciiCTeM  npe^CTaBjiaiOTCH  h e j t  h  h e h  h hr m h  ,n,HHaMHHecxHMH  CHCTeMaMH  BToporo  n  6ojiee  BBicoKoro 
nopn,n,xa,  b  tom  micne  c  n,HjiHH,n,pHHecxHM  (f>a30BBiM  npocTpaHCTBOM .  OcHOBHoe  co,a,ep>KaHiie  iiccjie,a,OBaHiiii 
3thx  MO,n,ejieii  cocTaBjnuoT:  onpe^enenne  CTapnoHapHBix  ^bh>kchhh;  BBmejieHiie  o6jiacTii  SHa'ieHHH  napaMeT- 
poB,  cooTBeTCTByiomiix  ycTaHOBjiePiiiio  b  CiiCTeMax  ciiHxpoHHoro  penaiMa;  iiccjie,a,OBaHiie  cpeHapneB  3bojiioii,hh 
aci-iHxpoHHBix  flBHJKeHHH,  nayueHue  hx  6n(])ypKanHH  h  nocTpoemie  napaMeTpiinecKiix  nopTpeTOB;  i-iccjie^OBaHi-ie 
MexaHH3MOB  nepexo^a  k  xaoTiinecxoMy  noBe,a,eHiiio  h  npopeccoB  ;texaoTH3anHH  ^bh>k6hhh.  B  xanecTBe  MeTO- 
^nnecxoro  o6ecneneHHH  iiccjie^OBaHiiii  npiiMeHsnoTCH  MeTO,a,Bi  xanecTBennon  Teopiiii  h  Teopiiii  fwclyypKanHH 
,a,iiHaMiiHecKiix  CiiCTeM  h  HiicjieHHBie  MeTO,a,Bi  h  ajiropiiTMBi  iiccjie^OBaHiiH  HejiiiHenHon 

IIpiiBe^eHBi  pe3yjiBTaTBi  nccjie.gOBaHHJi  npoqeccoB  b  KOHKpeTHBix  MO^ejinx  CiiCTeM  c  nacTOT- 

hbim  h  HacTOTHO-(J)a30BBiM  ynpaBjiemieM.  YcTaHOBjieHBi  ^HHaMiinecxiie  pejKiiMBi,  CBoiicTBeHHBie  iiccjie,a,yeMBiM 
cucTeMaM:  chhxpohhbih  pexaiM,  onpe^ejiaeMBiii  ycTonmiBBiM  cocTOsmueM  paBHOBeciia;  KBa3i-ici-mxpoHHBie  ne- 
pno,a,iiHecKiie  h  xaoTnnecxne  pentiiMBi,  onpe^ejineMBie  b  (J>a30BOM  npocTpaHCTBe  npe^ejiBHBiMi-i  piiKjiaMi-i  h  xao- 
THnecKHMH  aTTpaxTopaMi-i  KOJie6aTejiBHoro  Tima;  aciiHxpoHHBie  peryjrapHBie  h  xaoTHnecxne  pexaiMBi,  cooTBeT- 
CTByiomiie  npe,a,ejiBHBiM  piiKjiaM  h  xaoTimecxHM  aTTpaxTopaM  Bpaiu,aTejiBHoro  h  KOjie6aTejiBHO-Bpam,aTejiBHoro 
TiinoB.  Ilccjie^OBaHBi  ycToimiiBOCTB  ciiHxpoHHoro  pejKHMa  h  noBe^emie  CiiCTeM  Ha  rpaHiipe  o6jiacTii  ycTonnii- 
bocth.  06Hapy»ceHO,  hto  .zyra  3HaneHHn  napaMeTpoB  BHe  o6jiacTii  ycTonniiBOCTii  cncTeMBi  MoryT  ^eMOHCTpii- 
poBaTB:  pa3JiiiHHBie  Ti-inni  KOjie6aTejiBHBix  ^Bi-nxem-iii,  BxjnonaH  xaoTHnecxne;  Mnrxne  h  jxecTxne  nepexo,n,Bi 
Menyny  xojie6aTejiBHBiMii  pejxiiMaMii;  o,n,HOBpeMeHHoe  cymecTBOBamie  pa3JiiiHHBix  KOJie6aTejiBHBix  coctohhiih 
npn  cjjiiKCiipoBaHHBix  3HaHeHHHx  napaMeTpoB;  xaoTHHecKiie  xonebamiH  Ha  ^ByxcraipajiBHBix  aTTpaxTopax  mo- 
^ejieii;  neperyjiapHoe  nepe^OBamie  b  (J>a30BOM  npocTpaHCTBe  nepno^HHecxiix  h  xaoTnnecxnx  aTTpaxTopoB  npn 
H3MeHeHHH  napaMeTpoB.  IIocTpoeHBi  ^,ByxnapaMeTpHHecxiie  nopTpeTBi  MO^ejieii  h  BBi^ejieHBi  o6jiacTi-i  napa¬ 
MeTpoB  c  pa3jniHHBiMH  flHHaMHHecxHMH  pejxiiMaMH.  Ha  ocHOBe  nocTpoeHHH  h  aHajiii3a  o^HonapaMeTpiinecxiix 
6ncj3ypxaH,HOHHBix  ^.iiarpaMM  loyneHa  3bojik»h,iih  ^HHaMiinecxiix  coctohhiih  npn  H3MeHeHHH  napaMeTpoB  mo- 
,a,ejieH.  BhincHeHO,  hto  nepexo^Bi  x  xaoTnnecxoMy  noBe^eHnxr  ocym,ecTBjiHK>TCH  nepe3  6n<J)ypxan,HH  y^Boemin 
nepno^a,  ce^jio-y3JiOBBie  6n4)ypxan,HH  npe^ejiBHBix  pnxjiOB,  pa3pymeHne  HHBapiiaHTHBix  TopoB.  Oco6biii  iiHTe- 
pec  npe^CTaBjnnoT  xojie6aTejiBHBie  pejxnMBi,  cooTBeTCTByronine  ^ByxcnnpajiBHBiM  xaoTnnecxnM  aTTpaxTopaM  n 
xaoTnnecxHM  aTTpaxTopaM,  o6pa3yK>m,HMCH  npn  oGTae^HHeHiin  AByx  xaoTnnecxnx  Top-aTTpaxTopoB;  ^jih  Taxnx 
penaiMOB  xapaxTepHBi  HeperyjinpHBie  nepexo^Bi  Mejx^y  pa3JinnHBiMn  xojie6aTejiBHBiMH  coctohhhhmii.  06napy- 
jxenHBie  srJwJjexTBi  n  HBjieHHH  HejiHHenHoii  flKHaMnxn  CBii^eTejiBCTByroT  o  mnpoxnx  bo3mojxhocthx  chcp’Bm  rjisi 
criHTe3a  aTTpaxTopoB  b  (J)a30B0M  npocTpaHCTBe,  cooTBeTCTByK>nr,nx  peryjinpHBiM  n  xaoTnnecxnM  xojie6aHHHM, 
n  ynpaBjieHiin  npopeccaMn  xaoTH3an,nn  n  ^i,exaoTH3an,HH  xojie6aHi-n1. 

Pa6oTa  BBinojmeHa  npn  noAfl,ep>xxe  POOH  (npoexTBi  JV2  05-02-17409  n  N2  06-02-16499). 


Dynamical  Modes,  Bifurcation,  and  Chaos  in  the  Systems 
with  Frequency  and  Frequency-Phase  Control 
Ponomarenko  V.P. 

Research  Institute  of  Applied  Mathematics  and  Cybernetics 
of  Nizhni  Novgorod  State  University  after  N.I.  Lobachevski,  Russia 

The  problems  of  computer  simulation  of  nonlinear  dynamics  of  the  systems  with  frequency  and  frequency-phase 
control  on  the  base  of  qualitative-numerical  methods  are  discussed.  On  the  basis  of  modeling,  two-parameters 
diagrams  of  bifurcations  were  constructed,  parameter  domains  corresponding  to  synchronous  mode,  periodic 
and  chaotic  nonsynchronous  modes  are  allocated.  Numerical  analysis  of  the  models  under  investigation  has 
made  it  possible  to  establish  the  features  of  nonsynchronous  modes  attractors  developing  in  the  systems  and 
reveal  mechanisms  of  transition  to  the  chaotic  behavior.  Possible  scenarios  of  the  evolution  of  oscillatory  modes 
as  a  function  of  the  models  parameters  are  studied. 
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AHAJIH3  H  CHHTE3  CTOXACTHHECKHX  ATTPAKTOPOB: 

metoa  $yHKiira  mle/hoba 

Phluko  JT.B.,  BauiKHpii,eBa  H.A. 

YpaAbcnuu  docynueepcumem,  EKamepun6ypd,  Poccuh 

AHajiii3  ycTOHHHBOCTi-i  HHBapiiaHTHbix  MHoroo6pa3i-n“i  HBjiaeTCH  opHoii  H3  peHTpajiBHBix  3apau  Teopiiii  pi-ma- 
MH'iecKHx  ciiCTeM.  HccjiepoBaHiiH  nocjiepHiix  jieT  110Ka3a.nn,  hto  pa3Hoo6pa3i-ie,  HabjnopaeMoe  b  noBepeHini 
HejiiiHeiiHBix  pi-maMi-mecKi-ix  CiiCTeM,  mo*ho  CBecTi-i  k  aHajiii3y  OTHOCiiTejiBHO  npocTBix  K0Jie6aTejiBHBix  pena-i- 
mob  h  hx  KanecTBeHHBix  npeo6pa30BaHiii"i  (6ii(J>ypKaqHH) .  AHajiii3  ycTOiiHiiBOCTii  cooTBeTCTByioipiix  aTTpaK- 
TOpOB,  IICCJieflOBaHI-ie  HX  HyBCTBI-ITejIBHOCTH  K  BHeiHHIIM  B03peHCTBI-IHM  HBJIHeTCH  3peCB  KJIIOHeBBIM  MOMeHTOM 
b  noHHM aHHH  Mexam-raMa  cjiojkhbix  HBjieHiiii  iiejiiiHeiiHOH  phhemhkh.  Pa3pa6oTKa  MeTopoB  ynpaBjieHiia  pacT 
bo3mo>khoctb,  npi-ipaBaH  aTTpaKTopaM  Te  hjih  iiHBie  »cejiaeMBie  CBOiicTBa,  ncnojiB30BaTB  hx  Ha  npaKTHKe. 

MeTop  <J)yHKH,HH  JInnyHOBa  b  HacTOnipee  BpeMH  hbjihbtch  TeopeTHuecKHM  cjryppaMeHTOM  aHajn-i3a  ycTOHHH- 
bocth  h  ynpaBjieHiia  crroxacrr h ' rec k h m h  ciiCTeMaMii.  Cjiyuaii,  Korpa  aTTpaKTopoM  uccjiepyeMoii  p  h  h  a  m  h  T  i  ec  ko  ii 
cncTeMBi  HBjiaeTCH  TOHKa  noKOH,  pocTaTOHHO  noppo6HO  H3yHeH.  IlepBBie  6a30BBie  pe3yjiBTaTBi  6bijih  nojiyHeHBi 
b  Hanajie  60-x  ropoB  H.H.  KpacoBCKi-iM  h  H.5I.  KapeM.  BMecTe  c  TeM,  6ojibihoh  KaK  i ipaKT h T rec k h h ,  Tax  h  Teope- 
THHecKHH  HHTepec  npepcTaBjiaeT  aHajiii3  ycTOiiHiiBOCTii  6ojiee  cjiohchbix  iiHBapnaHTHBix  MHoroobpasiiii,  CBH3aH- 
HBIX  C  1 1  e p H op H ' I ec K H M H  H  KBa3HnepH0pi-IHeCKHMH  K0Jie6aTejIBHBIMI-I  pe>KHMaMH.  IIopoGHBie  peJKHMBI  HeiI36e>KHO 
B03HHKaiOT  npn  nepexope  cncTeMBi  ot  nopapKa  k  xaocy. 

B  poxjiape  paccMaTpiiBaiOTCH  3apaHii  aHajiii3a  ycTOiiHiiBOCTii,  HyBCTBiiTejiBHOCTii  h  ynpaBjieHiiH  aTTpaKTopa- 
mh  HejiiiHeHHBix  CTOxacTHHecKi-ix  pri(J>4)epeHij,Ha.iiBHBix  ypaBHeHiiii.  Ochoboii  aHajiii3a  HBjiaeTCH  MeTop  cjryHKpiiH 
.JlanyHOBa. 

JJpisi  nojiyneHiiH  cooTBeTCTByioipero  aHajiora  TeopeMBi  06  ycTOiiHiiBOCTii  no  nepBOMy  npnGjii-racemno  bbopht- 
ch  KOHCTpyKipiH  CTOxacTiiHGCKoro  jiiiHeiiHoro  pacmiipeHiiH  h  noHHTiie  P-ycTOiiniiBOCTH.  06cy»cpaeTCH  nopxop, 
no3BOJiHK>m,HH  Ha  ocHOBe  Teopiiii  nojioJKiiTejiBHBix  onepaTopoB  CBecTi-i  Bonpoc  06  ycTOiiHiiBOCTii  k  opeHKe  cneK- 
TpajiBHoro  papnyca  HeKOToporo  onepaTopa.  KoHCTpyKTiiBHBie  bo3mo>khocth  3Toro  nopxopa  peMOHCTpupyiOTCJi 
Ha  npiiMepe  aHajni3a  ycTOiiHiiBOCTii  h  ciiHTe3a  CTa6iijiH3iipyioiii,Hx  peryjiHTopoB  pjiH  npepejiBHBix  h,hkjiob  ii 
ToponpajiBHBix  MHoroo6pa3Hi“i. 

JXtl h  omicaHHH  CTOxacTiinecKiix  aTTpaKTopoB  pa3BiiBaeTCH  nopxop,  iicnojiB3yioiii,HH  HeKOTopyro  cnepnajiBHO 
KOHCTpyupyeMyro  cjryHKpiiio  JInnyHOBa  —  kb asrinoTeHpriaji .  B  cjiynae  MajiBix  rnyMOB,  Korpa  crroxacrr h ' rec k h h 
aTTpaKTop  ji0Kajiii30BaH  b6jih3h  cooTBeTCTByioipero  peTepMiiHiipoBaHHoro  aTTpaKTopa,  npepjiaraeTCH  ncnojiB- 
30BaTB  KBappaTHHHyro  a  m  r  p  o  kc  h  m  a  n  h  10  KBa3i-inoTeHpHa.ua,  3apaBaeMyio  neKOTopoii  cjryHKpiieH  —  cfjyHKpHen 
CTOxacTi-mecKOH  nyBCTBi-iTejiBHOCTi-i  (®CH).  nocTpoemie  ®CH  cbophtch  k  pemeHiiio  jiimeimoro  m aTpiiHHoro 
pi-icjDcjDepeHpHajiBHoro  ypaBHemia .  ®CH  no3BOJiaeT  nojiyui-iTB  pocTaTOHHO  npocToe  h,  BMecTe  c  TeM,  peTajiBHoe 
omicaHi-ie  pa36poca  cjiyuaimBix  TpaeKTopi-iii  BOKpyr  aTTpaKTopa. 

B  poKjiape  o6cy»cpaeTCH  3apana  ynpaBjiemiH  CTapi-iOHapHBiM  BeposiTHOCTHBiM  pacnpepejiem-ieM  cjiyuaimBix 
TpaeKTopi-iii  b6jih3i-i  aTTpaKTopoB  HejiiiHeiiHBix  CTOxacTi-mecKi-ix  CiiCTeM.  ynpaBjiemie  ctpohtch  b  Bi-ipe  o6paT- 
hoh  CBH3H  no  OTKjiOHeHiiio  cjiynaiiHoro  coctohhiih  cncTeMBi  ot  peTepMHHiipoBaHHoro  aTTpaKTopa.  Bbophtch 
cooTBeTCTByromi-ie  hohhtiih  pocthjkhmocth  h  nojiHoii  ynpaBjiaeMOCTi-i.  fljisi  cjiynaa,  Korpa  aTTpaKTopoM  hbjih- 
eTCH  TOHKa  noKOH  hjih  npepejiBHBiii  pi-iKji,  nojiyneHO  KOHCTpyKTi-iBHoe  oni-icaHi-ie  MHoncecTBa  pocthjkhmocth  ii 
HaiipeHBi  ycjiOBiisi  nojiHoii  ynpaBjiaeMOCTii. 

nojiynemiBie  TeopeTHnecKiie  pe3yjiBTaTBi  i-uunocTpiipyiOTCH  npi-iMepaMi-i  ciiHTe3a  peryjiHTopoB,  cj^opMupyio- 
ipi-ix  Hanepep  3apaHHBie  CTOxacTi-iHecKi-ie  aTTpaKTopni  pjia  KOHKpeTHBix  pHHaMHnecKHx  CiiCTeM. 

PaSoTa  nacTHHHO  noppepncaHa  rpaHTaMi-i  POOH  (Ne  06-01-00625,  06-08-00396). 


The  Analysis  and  Synthesis  of  Stochastic  Attractors: 
a  Method  of  Lyapunov  Functions 

Ryashko  L.B.,  Bashkirtseva  I.A. 

Ural  State  University,  Ekaterinburg,  Russia 

The  analysis  of  stability,  sensitivity  and  control  of  attractors  for  the  nonlinear  stochastic  differential  equations 
on  the  basis  of  Lyapunov  functions  technique  is  considered.  A  problem  of  control  for  stationary  probabilistic 
distribution  is  discussed. 

The  obtained  theoretical  results  are  illustrated  by  examples  of  synthesis  of  the  regulators  for  specific  dynamic 
systems. 

This  work  is  supported  by  RFBR  grants  (06-01-00625,  06-08-00396). 
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EMYPKAijnn  yaboemkh  iiephoaa  b 
chctemax  chhxpohh3Ad;hh 

Cejie,zpKH  C.M.,  KygpninoBa  E.B. 

Caunm,- IJemepUypscKuu  socydapcmeenHuu  ynueepcumem,  Poccuh 

CiiCTeMbi  (J)a30B0ii  aBTono/i,CTpoHXH  (OAII)  nnipoxo  pacnpocTpaHeHBi  b  pa,n,HOTexHiixe  h  9jiexTpocBH3ii.  B  no- 
cjie^Hee  ^ecHTiuieTiie  CiiCTeMbi  <5  An  CTajin  iicnojiB30BaTBCH  ^jih  ynpaBjieHira  TaxTOBBiMi-i  reHepaTopaMii 
poBBix  ciirHajiBHBix  npopeccopoB  h  .npyraix  ycTpoiicTB  n,H<J)poBofi  obpaboTxri  imcjjopMapiiii.  CiiCTeMBi  OAII 
noxa3ajiii  cboio  BBicoxyio  9(J>4)exTHBHOCTB,  xax  ycTpofiCTBa,  xoppexTiipyromiie  paccjDasiipoBxy  TaxTOBBix  i-im- 
nyjiBCOB. 

IIpii  H3MeHeHHH  napaMeTpoB  cncTeM  OAII  MoryT  nponcxo^iiTB  xauecTBeHHBie  ii3MeHeHHH  b  (J>a30BOM  npo- 
CTpaHCTBe  (npocTpaHCTBe  coctohhiih):  noTepa  ycTOH'uiBOCTH,  B03HiiKH0BeHiie  h  iicue3HOBeHiie  n,iixjiOB  (nepii- 
o,n,HHecKi-ix  TpaeKTopni"i)  h  Tax  ,a,ajiee.  9ti-i  HBjieHiia  xauecTBeHHBix  nepecTpoex,  Ha3BiBaeMBie  6 h c}d y p  xa  u  h  h m h , 
no3BOJiaiOT  BBi^ejiiiTB  nojiocBi  3axBaTa  HenpepBiBHBix  cncTeM  cnHxpoHH3aunn  h  onpe^ejniTB  3HaueHira  napa- 
MeTpOB  ,H,HCKpeTHBIX  CHCTeM,  npn  KOTOpBIX  KOppexpiIH  paC(J)a3HpOBKH  HeB03MO>KHa. 

B  CBH3H  c  9thm,  BaacHoii  3a,a,aHeii  b  Teopini  cncTeM  OAIT,  HBjiaeTca  xax  aHajniTHuecxoe  nccjie,a,OBaHHe  6h- 
cjyypxanHH,  Tax  h  HiicjieHHBiH  pacneT  3HaueHin”i  6ii(J>ypxaii,HOHHBix  napaMeTpoB.  B  xm-ire  JleoHOBa,  Cejie,a,>xH  [1] 
no,npo6HO  omicaHBi  biicjDypxaqHH  6ec(J)HjiBTpoBOH  cucTeMBi  ®  All  c  ciiHycoimajiBHoii  xapaxTepiiCTiixofi  (J>a30Boro 
,n,eTexTopa. 

B  ,n,aHHoii  pa6oTe,  c  noMoru,Bio  xoMnBKiTepHoro  MO^ejinpoBaHiia  qyicxpeTHBix  ^HHaMHHecxHx  cncTeM  b  cne- 
H,iiajiH3HpoBaHHBix  metc Marr h ' tec x h x  naxeTax  h  moih,hbix  coBpeMeHHBix  TexHiiuecxiix  cpe,a,CTB,  nojiyueHBi  6ojiee 
TOHHBie  3HaHeHiia  6ii(J>ypxaii,HOHHBix  napaMeTpoB  ,a,jia  cncTeM,  iiccjie,ii,yeMBix  b  [1].  Ha  ocHOBe  nojiyueHHBix  pe- 
3yjiBTaTOB  paccniiTaHBi  micjia  Oei"ireH6ayMa. 

JlHTepaTypa 

[1]  JleoHOB  BA.,  Cejiefl>KH  C.M.,  CucTeMBi  4>a30Boii  CHHxpoHiraaiuiu  b  aHajioroBofi  h  d,h4>poboh  cxeMOTexHiixeio.Crte: 
HeBCKiiii  flHajiexT,  2002. 

[2]  Leonov  G.  &  Seledghi  S.  Stability  and  bifurcations  of  phase-locked  loops  for  digital  signal  processors  / /  International 
journal  of  bifurcation  and  chaos.  2005,  Vol.  15,  No.  4,  pp.  1347-1360. 

[3]  Leonov  G.  &  Seledghi  S.  Design  of  phase-locked  loops  for  digital  signal  processors  / /  International  Journal  of  Innovative 
Computing,  Information  &  Control.  2005,  Vol.  1,  No.  4,  pp.  779-789. 


Bifurcation  of  Doubling  Period  in  Phase  Locked-Loops 

Seledzhi  S.M.,  Kudryashova  E.V. 

Saint  Petersburg  State  University,  Russia 

Phase-locked  loops  (PLLs)  are  frequently  encountered  in  radio  engineering  and  communication.  The  results  of 
computer  modeling  of  discrete  equation  which  describes  nonfiltered  PLLs  in  the  case  of  initial  frequency  of 
master  and  local  generators  coincidence  are  presented. 

Analytical  investigations  of  bifurcation  of  considered  system  are  described  in  [1].  In  the  present  work,  with 
the  help  of  modern  software  tools,  more  exact  values  of  bifurcation  points  of  considered  system  were  found. 
Feigenbaum  numbers  were  calculated.  These  results  can  be  applied  to  the  phase  synchronization  theory. 
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OYHKIJHH  JIFfflYHOBA  B  KHEEPHETHHECKOH  <PH3HKE 

®pa/i,KOB  A.JI. 

HHcmumym  npo6AeM  MamunoeedenuA  PAH,  CaHKm-nemep6ypz,  Poccua 

HeCMOTpa  Ha  OJKHBJieHHBie  flHCKyCCHH  O  B3aiIMOCBH3HX  Mexc^y  <|)H3IIHeCKHMH  H  IIHc[)OpMaU,HOHHBIMH  CBOHCTBaMI-I 
cncTeM,  ,13,0  1990-x  to^ob  B3aiiM0^i,eiicTBHe  Menyny  c|)H3hkoh  h  Teopiieii  ynpaBjieHira  (Kii6epHeTiiKoii)  6bijio  He3Ha- 
HiiTe jibhbim  .  IIpopBiB  npoii3omeji  c  noHBjieHiieM  paboT  no  ynpaBjieHiiio  h  CHHxpoHH3an,HH  xaoTiinecKiix  ci-ictcm, 
noKa3aBnnix,  hto  .nance  cjia6an  o6paTHaa  cbh3b  MonceT  npeBpaTiiTB  xaoTiinecKiie  ^BiinceHiiH  b  nepnonnHecKne  h 
Hao6opoT.  IlHTepec  k  ynpaBjieHiiio  xaocoM  ^aji  tojihok  k  HCCJienoBaHHHM,  HanpaBjieHHMM  Ha  i-oyneHiie  <J)H3HHe- 
ckhx  cncTeM  nyTeM  ynpaBjieHiia  iimh.  BypHO  pa3BHBaiOTCJi  h  npyme  MeTO^Bi  iiccjienoBaHHH  (J)H3HHecKHx  cncTeM 
c  npi-iMeHem-ieM  nonxonoB,  pa3BHTBix  b  Kii6epHeTiiKe  (H^eHTiicjjHKapHii,  pacno3HaBaHiie  o6pa30B,  HeiipoceTeBBie 
MO^ejiii  h  t.^3,.)  ,  hto  ^aeT  ocHOBamie  Ha3BaTB  cjiopMHpyioiiiyiocji  o6jiacTB  Kii6epHeTiiHecKOH  <J)H3hkoh. 

B  noicjiane  o6cy»c^i,aeTCH  npe^MeT  h  MeTonojiornsi  KH6epHeTHHecKoii  <J>h3hkh.  ITpe^CTaBjien  pun  nonxonoB 
h  uccjie^OBaHHio  <J)H3HHecKHx  cncTeM,  ochob aHHBix  Ha  <J)yHKH,HHx  JhinyHOBa.  ITohhtiig  <J>yHKH,HH  .HanyHOBa 
Haxo^HT  Bee  6ojiBmee  npii3HaHiie  b  <J)H3HKe,  nocKOJiBKy  oho  HBjiaeTCH  abcTpaKTHBiM  aHajioroM  Tamix  (jjjiaii'ie- 
ckhx  xapaKTepncTHK  Kan  SHepniH  h  SHTponiin.  B  KiibepHeTHHecKOii  c})H3HKe  <J>yHKH,HH  JInnyHOBa  ncnojiB3yiOTCJi 
npencne  Bcero  rjisi  ciiHTe3a  chctcm,  T.e.  ^,jih  pernem-in  o6paTHBix  3a,n,aH.  B  noicjiane  omiCBiBaeTCH  ocHOBaHHBiH 
Ha  cjjyHKip-iHx  .HanyHOBa  MeTon  CKopocTHoro  rpaniieHTa  h  obcyncnaiOTCsi  ero  npiiMeHeHiiH  k  ycTaHOBjieHino 
3aKOHOMepHOCTeii  npeo6pa30BaHi«i  TpaeKTopmi  KOHcepBaTiiBHBix  h  nHCciinaTiiBHBix  HejiiiHeiiHBix  chctcm  npn 
noMoniji  o6paTHBix  CBH3eii,  k  aHajni3y  B036yn,iiM0CTii  h  pe30HaHca  c  o6paTHOi"i  cbh3bio  b  HejniHeiiHBix  ocpiui- 
jiHTopax,  k  nocTpoeHiiio  Monejieii  flHHaMHKH  <J)H3HHecKHx  cncTeM .  B  KanecTBe  npiiMepoB  paccMaTpimaiOTCJi 
«ynpaBjiHeMBie»  BapnaHTBi  KjiaccHuecKHx  3an,aH  o  ManTHiuce  Kani-mpi,  o  BBi6poce  H3  noTeHipiajiBHOii  hmbi,  o 
CHHXpOHH3aH,HH  OCH,HJIJIHTOpOB . 

.Hoicjian  oraipaeTCH  na  MaTepnajiBi  khhi  [1,2]  h  o63opa  [3]. 

JlnTepaTypa 

[1]  OpaflKOB  A.JI.  KnbepHeTnuecKas  4>n3iiKa:  npuHpunbi  h  npiiMepni.  CI16:  HayKa,  2003,  208  c. 

[2]  Fradkov  A.L.  Cybernetical  physics:  from  control  of  chaos  to  quantum  control.  Springer- Verlag,  2007. 

[3]  OpaflKOB  A.JI.  O  npiiMeHemiii  Kii6epHeTHHecKHx  MeTOflOB  b  chromce.  Ycnexn  <J)ii3HHecKHx  HayK,  2005,  T.  175,  N  2, 
c.  113-138. 


Lyapunov  Functions  in  Cybernetical  Physics 

Fradkov  A.L. 

Institute  for  Problems  of  Mechanical  Engineering  RAS,  Saint  Petersburg,  Russia 

Subject  and  methodology  of  cybernetical  physics  (studying  physical  systems  by  cybernetical  means)  are  presen¬ 
ted,  following  the  author’s  book  "Cybernetical  physics:  from  control  of  chaos  to  quantum  control".  (Springer- 
Verlag,  2007).  Lyapunov  functions  play  important  role  in  physics  as  abstract  analogues  of  energy  or  entropy.  In 
cybernetical  physics  they  are  commonly  used  for  solving  design  problems  and  studying  limitations  of  control. 
The  Lyapunov-based  speed-gradient  method  is  outlined  and  applied  to  energy  control  of  conservative  and 
dissipative  systems.  Exposition  is  illustrated  by  examples  of  studying  feedback  resonance,  escape  from  potential 
wells,  controlled  Kapitsa  pendulum,  controlled  synchronization. 
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METOAbl  JI5HIYHOBA  B  CHCTEMAX  C  AHCKPETHbIM  BPEMEHEM 
H  PA3PbIBHbIMn  HEJIHHEHHOCTHMn 

IIIaMpHKOB  B.M. 

MocKoecKuu  socydapcmeeHHuu  aeuayuoHHUu  uHcmumym 
(mexHuuecKuu  ynueepcumem) ,  Poccuh 

TmiH'iHbiMH  npe^CTaBiiTejiHMii  CHCTeM  paccMaTpiiBaeMoro  Kjiacca  hbjihiotch  pucjipoBBie  aBTOMaTiraecxiie  chct&- 
mbi  (U,AC)  hjih,  b  o6m,eM  cjiynae,  pncxpeTHBie  cucTeMBi  c  npoii3BOJiBHBiMii  KycoHHO-nocTOHHHBiMii  iiejniHeiiHO- 
cthmh.  XapaKTepHBiMi-i  HejiHHeftHMMH  onepapiiaMii  b  U,AC  hbjihiotch  onepapHH  npeodpasoBamiH  HenpepbiBHBix 
curHajiOB  b  n,H<J)poBOH  nop  h  o6paTHoro  nepexopa  ot  piicjDpoBoro  xopa  k  HenpepaiBHOMy  curHajiy.  IIpii  stom 
BxopHBie  h  BBixo,a,HBie  curHajiBi  ynpaBjiHioipeii  9BM  KBaHTyiOTCH  no  BpeMeriii  i-i  ypoBHio. 

AnnaMHKa  Taxux  chctcm  BecBMa  cjioixHa  n  pa3HOo6pa3Ha.  CyTB  npo6jieMBi  ee  nayieHiiM  saxjnonaeTCH  b 
tom,  hto  RjiaccnnecKiie  nopxopBi  KanecTBeHHoii  Teopini  HenpepbiBHBix  piiHaMimecxiix  chctcm  Tima  IlyaHKape- 
Bupxrocjm  k  cucTeMaM  paccMaTpiiBaeMoro  Kjiacca  He  npiiMeHiiMBi,  Tax  xax  stii  cucTeMBi  He  o6paTHMBi  bo 
BpeMeHH.  LI, AC  xapaxTepii3yiOTCH  cjiojkhoctbio  B03HHxai0Hi,Hx  b  iihx  ycTaHOBiiBimixcH  pBHixeHHH  h  Tonojiorn- 
necxoii  CTpyxTypoii  hx  npocTpaHCTBa  coctohhhh.  Han6ojiee  cjiojkhoii  pHHaMHxoit  o6jiapaiOT  LI,AC  co6ctb6hho- 
HeycTOimiiBBiMH  obnexTaMii.  B  TaKiix  CHCTeMax  Bcerpa  B03Hi-iKaiOT  HenepiiopiiHecxiie  ycTaHOBiiBHiiiecH  pBiuxe- 
hhh,  KOTopbie  hocht  «KBa3HCJiynaHHBiH»  xapaxTep  -  -  Tax  Ha3BiBaeMBiii  «fleTepMiiHiipoBaHHBiH  xaoc».  Bee  stii 
pBinxemiH  HeycTOimiiBBi  no  JInnyHOBy,  h  iix  ofrbepHHeHiie  o6pa3yeT  xoHTimyajiBHoe  acHMnTOTHuecxH  ycTOimn- 
Boe  MHOixecTBO,  o6jiacTB  npiiTHixemiH  xoToporo,  xax  npaBiuio,  Heo,n,HOCBH3Ha.  ItccjiepoBaHiie  flHHaMHXH  Taxux 
CHCTeM  HiicjieHHBiMii  MeTopaMH,  xax  npaBiuio,  oxa3BiB aeTCH  HeacJxJiexTHBHBiM. 

ITpn  iiccjiepoBaHini  flHHaMHXH  CHCTeM  c  pncxpeTHBiM  BpeMeHeM  h  pa3pBiBHBiMi-i  h e j i h h e ii h oc rnr m h  pejieco- 
o6pa3HO  H3ynaTB  He  OTpejiBHBie  npepejiBHBie  pbhjxchhh ,  Hanpi-iMep,  nepiiopimecxiie,  uccjiepoBaTB  hx  biicjjyp- 
xapiiii  h  T.n.,  a  paccMaTpimaTB  b  MaxpoacnexTe  pejiBiii  aHcaM6jiB  cjiojxhbix  ycTaHOBiiBHiiixcH  pBiiJxeHiiii.  Ltpii 
3tom  a^exBaTHBiM  MaTeMaTimecxiiM  annapaTOM  MOixeT  cjiyjxiiTB  npuMOii  MeTop  JInnyHOBa.  9tot  MeTop  Ha 
6a3e  npHHH,Hna  pocTaTOHHOCTii  no3BOJiHeT  HaxopiiTB  npn  BBi6paHHOi"i  cjjyHxpiin  .JlanyHOBa  Mi-mi-iMajiBHoe  iia^i,- 
MHOixecTBO  acHMnTOTHHecxii  ycTOimiiBoro  MHOixecTBa  cucTeMBi  ii  MaxciiMajiBHoe  nopMHOixecTBO  ero  o6jiacTii 
npiiTHJxeHiDi.  Bojiee  toto,  c  ncnojiB30BaHiieM  npiiimiinoB  obnepiiHeHiiH  h  nepeceneHiiH  MHOixecTB  MoryT  6bitb 
nojiyneHBi  aiJwJiexTHBHBie  ajiropiiTMBi  pacneTa  pocTaTOHHBix  opeHOx  yxa3aHHBix  MHOixecTB  pjiH  pejiBix  xjiaccoB 
BBi6paHHBix  (JjyHxpHH  JlHnyHOBa. 

MeTopBi  .ITunyHOBa  npiiMem-iTejiBHO  x  piicjipoBBiM  aBTOMaTimecxiiM  cucTeMaM ,  xoTopBie  Bee  miipe  ncnojiB- 
3yiOTCn  b  npoMBimjieHHOCTii,  no3BOJuiiOT  paspa6aTBiBaTB  xoHCTpyxTiiBHBie  nopxopBi,  MeropBi  h  ajiropiiTMBi 
pemeHiiH  HacyipHBix  npaxTimecxnx  3apan. 

JlHTepaiypa 

[1]  Kochkhh  A. A.,  IIIaMpHKOB  B.M.  Kojie6aHiia  b  piitbpoBbix  aBTOMaTimecKiix  CHCTeMax.  M.:  HayKa,  1983. 

[2]  IIIaMpHKOB  B.M.  Ochobbi  Teopini  h,h(J)pobbix  CHCTeM  ynpaBaemia.  M.:  MamiiHOCTpoeHiie,  1985. 

[3]  TepaeB  E.H-,  IIIaMpHKOB  B.M.  IfH<f>poBbie  CHCTeMbi  h  nosTanHoe  apanTHBHoe  ynpaBjieHiie.  M.:  HayKa,  1999. 


The  Laypunov’s  Methods  in  the  Discrete  Systems 

Shamrikov  B.M. 

Moscow  Aviation  Institute,  Russia 


The  paper  is  devoted  to  development  of  fundamentals  of  the  digital  systems  qualitative  theory.  The  Laypunov’s 
direct  method  is  used  for  the  investigation  of  stability  and  oscillations  in  these  systems. 
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OB  yCJTOBMX  IIPOHHOCTH  H  HEIIPOHHOCTH  TPAEKTOPHH 
B  3AAAHAX  HEBECHOH  H  KJIACCHHECKOH  MEXAHHKH 

IIIecTaKOB  A. A.,  ^pyjKHHHHa  O.B. 

BunucAumeAbHuu  yewnp  um.  A. A.  /fopodmw/biHa 
Poccuuckou  anadeMuu  nayK,  Mocnea,  Poccuh 

IIpe^CTaBjieH  o63op  pe3yjiBTaTOB  aBTopoB  ,a,OKjia,ii,a  no  Teopnn  nponHOCTi-i  TpaeKTopnii  HejiHHeiiHBix  flHHaMH- 
necKiix  cucTeM,  nojiyneHHBix  b  nepiio,n,  2001  -  2006  r.r.  h  nacTB  H3  kotopbix  ony6jniKOBaHa  b  [1-7]  h  .npyrnx 
pa6oTax.  IIpe^nojiaraeTCH  h3jio>khtb  cne^yromiie  Bonpocni:  1)  nponHOCTB  b  CMBicjie  ZKyKOBCKoro  TpaeKTO- 
pnH  KjiaccnnecKHx  ypaBHemiii  KenjiepoBa  ^BiracemiH;  2)  coxpaHeHiie  CBoiicTBa  ac h m i  [rrorrn  nee ko h  nponHOCTi-i  b 
CMBicjie  >KyKOBCKoro  HHTerpajiBHoro  MHoncecTBa  npn  B03Myin,eHHHx;  3)  nponHOCTB  b  CMBicjie  ZKyKOBCKoro  Tpa- 
eKTopnii  cncTeM  He6ecHoii  MexamiKii;  4)  ycjiOBiia  npouHOCTH  b  CMBicjie  JKyKOBCKoro  TpaeKTopnii  ^iiHaMiinecKiix 
CHCTeM;  5)  iipn3HaKn  nponHOCTi-i  b  CMBicjie  ZKyKOBCKoro  op6iiT  ypaBHemiii  He6ecHOi"i  MexamiKii;  6)  ycTonniiBOCTB 
b  CMBicjie  .JlanyHOBa  h  nponHOCTB  b  CMBicjie  ZKyKOBCKoro  TpaeKTopnii  KOHcepBaTi-iBHBix  MexaminecKiix  cncTeM; 
7)  nponHOCTB  b  CMBicjie  ZKyKOBCKoro  nouTii  nepno^nnecKnx  TpaeKTopnii  n  CBoiicTBa  npe^ejiBHBix  /;bh>k6hhh 
flHHaMnnecKHx  chctcm;  8)  ycjiOBHan  aciiMnTOTnnecKaH  nponHOCTB  b  CMBicjie  ZKyKOBCKoro  nepno^nnecKon  op- 
6htbi;  9)  npe^ejiBHBie  CBoiicTBa  ac h m i  itot  h  nee  k  h  ycTonmiBBix  no  JlnnyHOBy  n  acnMnTOTnnecKn  nponHBix  no 
>KyKOBCKOMy  TpaeKTopnii;  10)  TeopeMBi  o  nponHOCTi-i  TpaeKTopnii  OTHOCHTejiBHO  nacTii  (J>a30BBix  nepeMeHHBix; 
11)  ycjiOBHH  HenponHOCTri  b  CMBicjie  ZKyKOBCKoro  HeKOTopnix  KjiaccoB  flimaMiinecKiix  chctcm;  12)  cjjiiHajiBHBie 
CBoiicTBa  aciiMnTOTiinecKH  nponHBix  ^HHaMiinecKiix  cncTeM. 

Pa6oTa  no,imep>KaHa  Cobctom  no  rpaHTaM  ripe3H,ii,eHTa  P®  .zpra  rocyn,apcTBeHHoii  noAHepncKii  mojio,h,bix 
poccniicKHx  yneHBix  (rpaHT  N2  MA-1199. 2005.1). 
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The  review  of  results  of  authors  in  direction  of  theory  of  Zhukovskij  stability  of  trajectories  of  nonlinear 
dynamical  systems  is  given  in  the  report. 
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CHAOS  THEORY 


HCCJIEAOBAHHE  nPOIJECCOB  B  3HEPrOCHCTEME  C 
HCTOHHHKOM  XAOTHMECKHX  KOJTEBAHHH 

3miiTeHH  r.Jl. 

MocKoecKuu  zocydapcmeemtuu  ynueepcumem  nymeu  cooUipenuH  (MEET),  Poccuh 

PaccMaTpi-iBaeTca  SHeprocncTeMa,  co^epncamaa  ot  HecxojiBxnx  ^ecnTxoB  ,a,o  HecxojiBxnx  cot  reHepaTopoB,  o^iih 
H3  KOTopbix  Haxo,a,HTCH  b  poKHMe  xaoTH'iecxnx  xojie6aHHH.  MaTeMaTiinecKaH  MO,a,ejiB  SHeprocncTeMBi  npe,n,CTaB- 
jiaeT  co6oii  ,n,H<t>4)epeHn,Ha.JiBHO-a.Jire6paHHecxHe  ypaBHemiH  Bi-ma 

dx  , 

—  =f(x,y),  g(x,y)  =  0. 

at 

XaoTiiHecKiie  xojie6aHHH  B03HiixaiOT  b  ciiCTeMe  ajiexTpiinecxHH  reHepaTop  —  peryjiHTop  B036y>xyi,eHHH  npn 
H3MeHeHHH  ko3(].)c{3  h  nHCHTa  ycruiemiH  [1],  Hepe3  jihhhio  9jiexTponepe,n,auH  sth  xonebamiii  npomixaroT  b  3Hep- 
rocHCTeMy.  Kax  noKa3BiBaiOT  pe3yjiBTaTBi  uHCJieHHBix  sxcnepiiMeHTOB,  bo3mo>khbi  cjie^yromiie  ciiTyaprai: 

no,a,aBjieHiie  xojie6aHiin  no  Mepe  y^,ajiemiH  ot  HCTOUHiixa  b  pe3yjiBTaTe  ^encTBiia  aBTOMaTiinecxiix  peryjiHTO- 
poB  B036y»c,ii,eHiiH  n  nacTOTBi  BpamemiH,  a  Taxace  ecTecTBenHoro  ^eMncjuipoBaHiiH, 

—  B03HiixHOBeHiie  Boxpyr  ncTonmixa  orpaHiineHHoii  o6jiacTn  c  ne3aTyxaiom,HMH  xojieSaHHHMH, 

paspymeniie  ciiHxpoHHoro  h  ciiH^asHoro  ^BinxemiH  reHepaTopoB  3HeprocncTeMBi,  to  ecTB  SHepreTHnecxan 
aBapiia. 

B  cbh3h  c  nepenncjieHHBiMH  c h rry a n h m m h  npe^CTaBjunoT  npaxTHuecxim  HHTepec  3a,n,auH  nocTpoemra  6ii(J>yp- 
xapnoHHBix  ^iiarpaMM  reHepaTopoB,  nocTpoemie  xpiiTepneB  BOBjienemiH  coce,n,HHx  c  hctohhhxom  reHepaTopoB 
b  xaoTH'iecxHH  xojie6aTejiBHBiii  npopecc,  BBiHBjieHiie  h  jioxajiii3an,iiH  ncTonmixa  xaoTiinecxnx  xojie6aHiiii  no 
HaSjiro^eHHHM  b  pa3jinnHBix  Tonxax  SHeprocncTeMBi. 

fpisi  pemeHHH  yxa3aHHBix  3a^,an  npiiMeHneTcn  annapaT  noxa3aTejieii  JlnnyHOBa  [2,  3].  BbinncjiHTejiBHbie 
ajiropiiTMBi  n  nojiyneHHBie  cooTHomeHiin  npiiBe^eHBi  b  TexcTe  ^,oxjia,n,a. 
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Study  of  Processes  in  a  Power  System  with  a  Source  of  Chaotic  Oscillations 

Epshtein  G.L. 

Moscow  State  University  of  Railway  Engineering,  Russia 

The  power  system  which  contains  from  several  tens  up  to  several  thousands  of  generators  is  considered.  One 
of  generators  is  in  a  mode  of  chaotic  oscillations.  The  bifurcation  diagrams  are  shown.  The  algorithm  for  the 
localization  of  a  source  of  chaotic  oscillations  by  observations  in  various  points  of  a  power  system  is  described. 
The  Lyapunov  exponents  is  applied  for  solution  of  the  indicated  problem. 
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